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INTRODUCTION 
A. Tin*: Pkow.km 

This study is concerned with family resemblances 
in verbal and numerical abilities as measured by vo- 
cabulary tests and arithmetical computation tests. No 
attempt is made to measure every aspect of either ver- 
bal ability or numerical ability; our concern has been 
to obtain highly reliable measurements of perform- 
ances on these two types of tests, and then to use the 
vocabulary test results as indicative of verbal ability, 
and the computation test results as indicative of 
numerical ability. Vocabulary tests are largely repre- 
sented in good intelligence tests, and are probably the 
best single measures of verbal ability; performance 
in these tests is highly diagnostic of scholastic success. 
Arithmetic tests are probably the best measures of 
numerical ability; of the two types of arithmetic tests, 
the computation tests measure an ability more inde- 
pendent of verbal ability. We are, for the moment, 
interested in the abilities measured by these tests, 
rather than in any hypothetical capacity of which they 
are perhaps only a part, and throughout the entire dis- 
cussion the names arithmetic ability and vocabulary 
ability refer to performance on these tests. 

B. Summary ok Litkraturk 

K. L. Knrle (9), in 1903, measured the resemblances 
of siblings in spelling ability. In one school system 

m 
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the average fraternal resemblance measured by a 
correlation based on 191 pairs vvas ,25. In this case 
the environment of the different members of each pair 
was far from constant, and the coefficient is unduly 
low. In the case of another school system, where 
training was more uniform and the population more 
stable, the coefficient based on 196 pairs was ..SI, which 
is more in agreement with later studies of sibling 
resemblances. 

In 1903 Karl Pearson (37, 3H) published results of 
extensive investigations based on between three and 
four thousand test records. The numbers of cases, 
while different for different correlations, are all very 
large. The correlations between siblings in physical 
traits such as stature, span, cubit, and eye-colnr aver- 
aged slightly more than .50 for adults, For school 
children the average correlation of head measurements 
of siblings was approximately .51, and for a variety of 
physical traits about .52. In the case of mental traits 
such as vivacity, assertiveness, introspection, popular- 
ity, conscientiousness, temper, ability, and handwrit- 
ing, the average correlation for siblings was about .52. 
Pearson also published data showing that the correla- 
tions of fathers and sons in traits such as stature, span, 
length of forearm, and cyc-color were on the average 
about .47, which agrees with the results found for 
physical traits in various studies of lower animals. lie 
concluded that, in general, mental traits are inherited 
in much the same manner, and to the same degree, as 
are physical traits. 

F. A, Woods (64) (1906) rated 671 mem hers of 
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Kurnpcan Royalty in intellect and in morals, on a 
scale of one in ten. These ratings yielded a correla- 
tion of .dl) for parents and offspring in intellect, tlie 
calculation being based upon 50+ pairs. For morals, 
the parents'll iM correlation was also .51). Woods pre- 
sents arguments to indicate that these correlations are 
probably little influenced by environmental factors, 
especially in the case of intellect. 

In 1907 IX A. Heron (25) published the results of 
his statistical study of insanity. Dr, Urquhart, Su- 
perintendent of the James Murray's Royal Asylum, 
Perth, furnished him with 551 rather complete family 
histories, covering two generations in almost all cases, 
and three or four generations in some eases. This made 
possible comparison of parents and children in in- 
sanity. The parcni-rhihi correlations ranged from .52 
to .62, with a probable true value of about .57. The 
cudttcwM* of (yauwwa! Ycseiwbhuwe v',\nged fvom .45 
to .55 with a probable true value of .50. These results 
arc compared with those of similar studies of patho- 
logical, physical, and psychical characters, and the 
agreement is very good. Heron concluded that the 
“insane diathesis" is inherited to the same extent as are 
other pathological traits, or physical or psychical 
trails. 

In 1 91)7 Schuster and Kldcrtnn (51) made a study 
of the inheritance of mental ability as indicated by the 
records of the classes at Oxford and in the Charter- 
house and t farrow schools. 'They found a correlation 
of fathers and sons (as indicated by academic standing 
in the Oxford class lists) of .512, and a similar corrida- 
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ti on for brothers of ,405. They conclude that these 
correlations are lower than those found by Pearson for 
physical measurements partly because the examina- 
tions for the B.A. degree at Oxford were less exact 
than the physical measurements, Various social selec- 
tive factors also tend to lower the correlations. In the 
case of the Harrow and Charterhouse school records, 
the correlations fluctuated considerably, and the mean 
value was ,398 for siblings. There were no parent- 
child correlations. In an appendix Pearson showed 
that the correlations obtained from the Oxford records 
based on a select group were probably equivalent to 
a correlation of from .44 to .54 for fathers and sons, 
and of .50 to .60 for siblings, if the correlations had 
been based upon a random selection from the general 
population. 

A study by Miss Eldcrton (10) in 1909 indicated 
that the correlation of specific environmental traits 
with abilities or physical traits of children arc usually 
under ,10, Most of these correlations, such as that be- 
tween employment of mothers and weight of sons, 
which was .12, are complicated because they depend in 
part upon underlying hereditary causes. Even so, they 
are very low as compared with the coefficients of 
familial resemblance. 

In a paper published in 1910, Pearson (39) com- 
pared the results of the study of Oxford class lists with 
some data of his own. He had estimated that the most 
probable true correlation represented by the Oxford 
study was .49 for fathers and sons, PI is own data, based 
on a large number of family records, yielded a Correia- 
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lion of fathers and sons in intelligence amounting to 
.58. These correlations do not differ appreciably from 
those obtained with a large number of physical 
measurements. He cites the correlations of siblings in 
several mental traits, ability, temperament, and hand- 
writing, getting a mean value of about .52. The mean 
of a large number of parent-child correlations was 
.49, and of a large number of fraternal correlations, 
.52, giving a mean "nature” value of .5 1. From a long 
table of correlations of environmental conditions with 
the various traits measured, he obtained a mean 
"nurture” value of .03. These figures carry a sugges- 
tion of considerable force. 

Since grades in school are to some extent an indica- 
tion of mental ability, a few studies of family similari- 
ties in school grades will be reviewed. Starch (53), in 
1915, studied the scholastic records of a number of 
families in several elementary school systems. An 
index of scholastic ability was obtained for each stu- 
dent, based on all studies pursued for one year. The 
following sibling correlations were obtained: 



// 

liho 

First and second child in a family 

63 

75i r 

Second and third child in a family 

24 

.64 

First and third child in a family 

24 

.34 

Mean of the correlations 


to 


For ability in special studies, sibling correlations were 
as follows, based on records from two schools in Madi- 
son : 
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n 

Kh„ 

Spelling 

57 

.21 

Rending 

57 

.40 

Writing (speed) 

24 

AH 

Writing (quality) 

24 

.Uli 

Records from a Seattle schoi 

il yielded 

these, ci 

tions : 



— — - - ■ - - 

n 

Rfa, 

Arithmetic 

54 

J2 

Spelling 

54 

.21 

Reading 

54 


Language 

vl 

.24 


The author concluded that abilities in special subjects 
are inherited to no greater extent in one subject (hail 
in another, and that general scholarship, nr else trails 
more specialized than abilities in these studies, are 
inherited. 

Miss Dexter, in 1915, studied sibling resemblances 
based on scholarship records in the University of 
Wisconsin, and in a Wisconsin high school, loir a 
group of 185 in the University, she found a correlation 
of .69 in general scholastic ability, and an average 
correlation of ,61 for ability in separate subjects, 
English, language, mathematics, history, and science. 
For the high-school group of 69 subjects, the correla- 
tion was .64 in general scholarship in all subjects, and, 
on the average, approximately .61 in three special sub- 
jects. Other correlations of interest are; 
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(idieral scholastic ability 



High school 

University 


n r 

// 

r 

UrotluM'-hvother 

10 .3K 

44 

.47 

Sister-sister 

26 .39 

71 

,53 

Hro tlier-sis ter 

23 .36 

66 

.62 


She concluded that inheritance is primarily responsible 
for the degree of resemblance found, as the correla- 
tions arc not higher for like-sex pairs than for unlikc- 
sex pairs, as we should expect them to be if similarity 
of environment were an important factor. 

In 1917 Starch (54) studied the correlations be- 
tween siblings in two types of tests, For those tests 
of mental functions directly affected by school work 
the correlations between siblings were as indicated 
below: 

Rending, speed .51 Handwriting, speed .72 

Reading, comprehension .64- Handwriting, quality .46 

Size of reading vocabulary .07 Spelling , ability .05 

Fundamentals of arithmetic, attempts .40 (average) 

Fundamentals of arithmetic, rights .385 (average) 

For functions not directly affected by school work, the 
correlations were : 


Cancellation of /Vs .50 

Cancellation of geometric forms .07 

Memory for nouns, monosyllables ,31 

Tapping (motor control) .65 


The subjects were adult siblings, ages 19 to 32, at the 
University of Wisconsin. The correlations in the case 
of tests directly affected by school work averaged .42, 
and in those traits not directly affected by school work, 
.38, lie concluded that heredity, not training, causes 
the resemblances found among siblings. 
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In 1917 Cobb (8) published ihc results of a pre- 
liminary study of the inheritance of arithmetic ability, 
Her correlations were based oil only eight families, 
with a total of 16 parents mul 20 children, hence only 
the general trend of results is of significance. The 
main results were as follows; 


CorreUliim of cliild^ wo re with mwc of 
Mid-parent Like-parent Uni ike-parent 

*32 m m 

.49 .60 ,13 

She was mainly concerned with the relative abilities 
in the different operations, and she discovered that if 
a child were better (for example) in addition than in 
subtraction, as measured by deviation from the mean 
for each, the same was likely to be true of one of the 
parents. It was not necessarily the same parent for 
all children in a family, and it might he either the 
like-sex or unlike-sex parent. Her conclusion was that 
abilities in the different functions seem to be inherited 
independently, one parent contributing more than the 
other. 

In 1918 Pintncr (42) tested a large number of grade 
children in two schools with a number of mental tests. 
Among these children were quite a large number of 
siblings. Getting a mental index for each child, based 
on all tests, he obtained measurements of resemblance 
of siblings as follows, using Yule’s Coefficient of As- 
sociation, Q ; 


Absolute ability 
Relative ability 
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0 


School A 

91 

.47 

School li 

m 

,2B 

lioth schools 

m 

.39 


Two chance selections of unrelated children gave co- 
efficients of association of .14 and .19, respectively. 
The Pearson product-moment correlation for the 180 
pairs of siblings was .22 with a probable error of .02. 

In 1919 Dr. Kate Gordon (19) published the results 
of Stanford-13 inct tests of 3.15 children in California 
orphanages. Where there were four siblings in a 
family group, she paired the first with the second, 
and the third with the fourth. Where there were three 
in a family, she omitted the youngest. The correlation 
between 91 pairs of siblings was .53. Karl Pearson 
re-worked the data, rendering the correlation table 
symmetrical, and obtained a correlation of .51, which 
agrees very well. Pie noted that, since the environ- 
ment was very uniform for the members of different 
families, these correlations cannot be explained as due 
to environmental conditions. His own data on 2801 
pairs of siblings yielded a correlation of .5147 and of 
.5158, calculating a correction for broad categories by 
two methods. In his case the intelligence measures 
were based on ratings on a six-point scale, and there 
was a widely varying environment. The agreement 
between these two sets of data, obtained under very 
different conditions, and by very different methods, is 
certainly striking. 

The further work of Gordon was summarized by 
Miss Eldcrton (II). It gives the results of studies 
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of 216 pairs of siblings, using the Stanford Revision 
of the 13inet Seale, She found widely different results 
in different orphanages, but for 216 pairs of siblings 
the correlation was ,61. Miss Gordon used (lit* same 
method of pairing as before, Pearson calculated the 
correlation for all possible pairs, and obtained a cor- 
relation of .467 with a probable error of .026 which is 
nearer the values usually found for sibling resem- 
blances, Pearson found the data complicated by the 
factor of age, which was not eliminated by using IQ’s. 
Using Dr. Gordon’s method of pairing, and correcting 
for age, gave a correlation of .57H. With all possible 
pairs of siblings, correction for age gave a correla- 
tion of ,544. Using all possible pairs, and rendering 
the tables symmetrical gave a correlation of ,53. The 
study of Gordon’s data showed that siblings in orphan- 
ages where the environment is homogeneous resemble 
one another about as much as children whose home 
conditions vary more. 

Miss Elderton also reviewed Urinkwatcr’s data. The 
children in two school systems were tested, in most 
cases by use of the Stanford Revision of the Hi net 
Scale. In addition to this, teachers’ estimates of in- 
telligence were obtained. The correlations of siblings 
in intelligence obtained in the first school, which was 
very superior, averaged ,39 for IQ’s and .59 for teach- 
ers’ estimates, uncorrected for age. The correspond' 
dig figures for the second school, which was very 
inferior, were .43 and .43, respectively. Correction 
for age had little effect on Che correlations. When 
the data for the two schools were combined, and the 
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correction made for the age factor, the average sibling 
correlations were approximately .47 for IQ’s and .51 
for teachers’ estimates. 

Hart (24) published in 1924 the results of some 
studies by the Iowa Child Welfare Research Station. 
Using three different groups, lie obtained these correla- 
tions for siblings, based on intelligence quotients: 

r PM. 

252 pairs, representative of public school children .447 .044 

147 pairs, representative of rural communities .459 .060 

219 pairs, hij»lilv selected (University of Iowa 

Schools) ' ,399 .057 

He no ted that, although there may be wide differences 
within a family in some cases, there is a tendency fur 
mental ahili ty to run in families. 

In 1924 Madsen (32) published the results of ap- 
plication of the Stanford Revision to 880 school chil- 
dren. The reliability of the test was .85, with a prob- 
able error of .032, for 34 crises. In the total group were 
63 pairs of siblings, and the sibling correlation was .63, 
with a probable error of .05. He found a correspond- 
ing correlation of — .04 between 63 pairs of unrelated 
children. 

Mcrriman (33), in his study of twins, reported the 
unpublished data of Rensch on the intelligence of 
siblings as a comparison with his data on twins. Ion- 
two different school systems, she obtained correlations 
between siblings which were on the average approxi- 
mately .54 for intelligence quuticnis. 

In (925 Hildreth published the results of her study 
of intellectual resemblances of siblings. She had three 
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groups, the Oklahoma group being a random sampling, 
the Horace Mann group being of superior intelligence 
and economic class, and the Hebrew Orphans group 
being of average intelligence but of low economic and 
social class, Following are the results: 


Group 

r 

Partial r , 

with 

constant 

Number 

of 

pairs 

r, t ate ini' 
our pair m 
cavb family 

Number 

Ilf Midi 

paiis 

Oklahoma 

ir 

~~47 ’ 

•ISO 

M 

,100 

Horace Mann 

.27 

.08 

325 

,2b 

241 

Hebrew Orphans 

.32 

.13 

25.3 

A) 

146 

Composite 

.68 

.42 

1028 

.68 

087 


The average of her raw correlations, taking all pairs, 
is .41, and taking one pair from each family, .44, 
Probably the composite group gives correlations which 
arc too high due to inclusion of extreme groups, and 
the raw correlations arc too low in the second two 
groups due to selection. The raw correlations are, 
however, raised by the influence of age. We can prob- 
ably place the greatest emphasis on the corrected cor- 
relation for the Oklahoma group, where the effect of 
age has been eliminated, and the group is relatively 
unselccted. This correlation is .47, and agrees very 
well with the results of previous investigators. 

In 1926 C. H, Griflitts (22) reported the results of 
study of similarities of siblings in school grades, 
Correlations were based on modal grades (school 
marks reduced to a numerical index) of children in a 
large number of families. He reported these correla- 
tions : 
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Numlutr i if 


families r 


First aiirl sminil cliild 657 ,384 

First and third child 226 .279 

Second and third child 226 .332 

First and fourth child 89 ,208 

Second and fourth child H9 .293 

Third and fourth child 89 ,300 

Mean correlation ,299 


The corresponding correlations for a subgroup includ- 
ing only the sixty families in which there were four 
children averaged .263. For a subgroup composed of 
the 137 families having three children the mean 
was .476. The main results of interest lie re may be 
summarized in two statements: First, the results of his 
analysis showed that the correlations are higher for 
adjacent than nun-adjacent pairs of siblings; secondly, 
we see that the correlations average lower than the 
general trend of sibling correlations. The first fact 
Griffith considers is due to effects of different home 
situations within the family for older and for younger 
children; however, it is likely that other irrelevant 
factors affect the correlations also. Griflitts points out 
that the grades are higher in small families than in 
large ones, and considers this probably due largely to 
presence of large families where the stock is poorer. 
The mean correlation for siblings in three-child 
families is higher than the mean correlation for sib- 
lings in four-child families, the values being .476 and 
,263, respectively. The measures used in the study 
were probably very reliable, as they included school 
grades on a great many subjects covering a period of 
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three years. The results indicate that the cm relations 
between siblings arc affected by some factors other 
than the biological factor, which tend im lower the 
correlations when the group is not homogeneous as 
regards age, grade, and training. Diversity of ex- 
perience tends to cause lower correlations between 
sibling pairs who arc separated by one or two or more 
other children in order of birth* 

In 1927 Huestis and Otto (27) published the re- 
sults of a study of grades of one hundred pairs of 
siblings who were students in the University of i begun. 
The correlations were based on a numerical index 
weighted by amount of work carried as well as by 
grades obtained, and the group was homogeneous, all 
being sophomores, The correlations were: 



u 

r 


Sister-sister 

3S 

.01 

.07 

Ihothcr-lmitlnir 

20 

.7*1 

,ik> 

lhoUier-shter 


.04 

.n 


Social factors, and the small number of eases, may 
account for the variation in the values obtained. The 
mean value is ,46, which is very near the usual value 
for sibling correlations. 

The study by Thorndike (59), published in 192X, is 
very important on account of several features. The 
tests were accurately scaled, the number of cases was 
very large, and the correlations were corrected for at- 
tenuation. Very careful analysis of the data led to the 
conclusion that the true correlation between siblings 
in intelligence, in this high-school group, was approxi- 
mately ,60. 
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Willoughby’s (61, 62) study is one of the few which 
contain data on parents ami offspring as well as oil 
siblings. lie used a battery of 11 tests, and obtained 
these correlations: 

Mean correlations 
J'liiU'iniil J’aient-child 

Including all tests .42 .35 

Verbal tests -43 .39 

Ncm-verlial tests .41 .30 

In addition, he gives the correlations between Inis- 

bands and wives, the average of which is ,38, It will 
be noticed that for some reason the correlations here 
arc consistently lower than the general trend in recent 
studies. 

The work of Jones (28) is especially important as 
it also gives correlations between parents ami offspring, 
and marital couples, as well as between siblings. He 
tested about 2.500 persons in a New England rural 
community, and in the group were 105 families with 
both parents ami two or more children. The Army 
Alpha test was used for parents and children above 
ten years of age, and the Stanford Revision for the 
younger children, His correlations were as follows: 




» 

r 


Average 

r, sibling 

~82S 

.40 

.018 

Average 

r, father and child 

317 

.508 

.028 

Average 

/■, mother mid child 

317 

.548 

.036 

Average 

r. husband and wife 

105 

.508 

.042 


These correlations are consistently higher than those 
reported by Willoughby. Note that the correlation of 
husbands and wives is unusually high, 



22 


OENBTtC PSVCHOL<H;V MflNIKlUAI'IIK 


Miss Burks (47) also published her (lain in die 
1928 Yearbook, in which the above-mentioned studies 
by Thorndike, Willoughby, and Jones appeared. The 
main results of her study which art; nf i merest here 
are summarized below; 


Corrugation or Child's IQ with 

a Nr 

MUi.n or Mi: a 

,M‘RJ S 


Foster 

group 

n 

Ci’lltH*) 

r 

giotiji 

n 

Father's MA 

.07 

178 

.+5 

101) 

Mother’s MA 

.14 

20+ 

.Hi 

ins 

Mid-parent MA 

.20 

J7+ 

.*2 

J00 

Father's vocabulary 

.13 

181 

.+7 

inj 

Mother's vocabulary 

.23 

202 

.13 

10+ 

Grade reached by father 

.01 

173 

.27 

102 

Grade reached by mother 

.17 

19+ 

.27 

103 

Corrected correlations : 

Father's MA 

.09 

178 

.55 

inn 

Mother’s MA 

.23 

20+ 

.5? 

105 

Father's vocabulnrj' 

.W 

181 

.52 

101 

Mother's vocabulary 

.25 

202 

.18 

101 


On page 289 Miss Burks gives die correlations of par- 
ents’ vocabulary with child’s vocabulary separately hy 
ages. Since the numbers of eases arc small, only the 
weighted averages will be given here: 

Mean op Correlations 


Foster group: 
Father-child 
Mother-child 

Control group: 
Father-child 
Mother-el did 


II 

raw 

cnrrt'cu»d 

72 

.28 

.30 

85 

.3+ 

.35 

42 

.51 

M 

41 

.12 

.13 
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It is evident from study of all the data obtained in this 
investigation that the influence of environment on the 
resemblances of related persons is far less than the in- 
fluence of heredity. 

The study by Freeman, Ilolzinger, and Mitchell 
(15), working with foster children in Chicago, con- 
tains the following correlations which are of interest 
to us here : 

(JoiUi ELATION S OBTAINED IN THE ClilCAOO StWJY 



a 

r 

l\K. 

Mid-parent's intelligence :iml child's IQ 

28 

.35 

.1 1 

Siblings reared apart, intelligence 

125 

.34 

.1)5 

Same, sibling reared apart, Negroes ami 
those outside ran^c 5-14 years eliminated 

63 

.44 

.07 

Correlation of child's IQ with: 

Otis score of foster father 

180 

.37 

.04 

Otis score of foster mother 

255 

,28 

.04 

Otrs score of mid-foster parent 

169 

.39 

.04 

Otis score of mid-foster parent, Negroes 
and children outside 5-12 eliminated 

112 

.47 

.05 

Mid- foster parent, those placed under 2 
years 

132 

.39 

.05 

Same, Negroes and children outside 5-14 
years eliminated 

104 

.50 

,05 


It is evident that the correlations of foster parents and 
children arc considerably higher here than in the Stan- 
ford study. This is perhaps due largely to the in- 
fluence of selective placement, Our concern here, 
however, is mainly with the correlations obtained in 
the case of true parent and child. It is to be noted 
that these arc considerably lower than in the majority 
of the investigations reviewed. 

The two studies mentioned above did not show the 
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same trends as regards the cause of the correlations 
obtained. The results of the Stanford study lead to 
the conclusion that environment is a factor having 
little influence on the resemblances of parent* and 
children. Miss Burk’s comparison of the two Mwdies 
indicates that the factor of selective placement which 
was operative in the case of the Chicago study may 
account largely for the differences in results. 1’ tcc- 
man does not believe selective pi it cement was operative 
to any great extent. Ter man thinks it sufficient to ex* 
plain several of the most striking differences in results 
obtained in the two studies. The impartial reader will 
wish to read the original articles to form his own 
opinion on the matter. 

H. J. Banker (1) published in I'Hb a study of cor- 
relations of related persons, based on school records. 
He happened to find a school in which the administra- 
tion was very uniform over a long period of time, in a 
community with a population so stable that records of 
parents and children could be obtained. lie reduced 
the school marks to a Students' Ability Index, which 
he considers equivalent to an IQ in significance. In 
this school twelve years of education were given, So 
that the records are based on several years' work. 
Records of 28 families were obtained which were satis- 
factory, giving marks for both parents and one or iimic 
children. A total of 83 children was included, and 
the correlations arc as follows; 

~ ‘ Y v /*,/»:. 

Child anil mid-parent NX ,USSS 

Mid-parent and non-childrcn 93 - -,1172 .(17X1) 
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Further study, utilizing nil available data, yielded an 
average parent- chi Id correlation of .46 and an average 
fraternal correlation of ,45. The coefficient of assor- 
tative mating (homngainy) based on 45 pairs was .24 
witli a probable error of .095. These results agree 
very well with previous studies of inheritance of 
mental and physical characters in man. 

The results discussed in the preceding pages make 
it clear that there is a large body of data supporting 
the inheritance of mental characters in man. It is 
evident that in interpreting the coefficients of resem- 
blance for related pairs we must consider not only the 
size of the coefficients obtained, but the conditions 
under which the basic data were secured, and the 
characteristics of the group. Widely varying results 
are obtained under extreme conditions, but the general 
trend is clearly marked. A selected group of subjects 
yields lower correlations, In general, the correlations 
of parents and offspring and those of siblings should 
he about the same and approximately .50 for a random 
group. Frequently tiie correlations of siblings are 
slightly larger than those rtf parents and offspring. 
The work of Jones (28) indicates that the factor of 
assortativc mating (homogamy) must be given close 
attention in connection with studies of inheritance by 
the biometric method. 

M A K IT A I , R KS KM 11 1 ,A NCKS 

The investigation of the resemblance between hus- 
bands and wives by scientific men began before the 
turn of the century, and the subject has been studied 
with increasing interest since. The earliest studies 
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were, of course, limited by ibe lack of development of 
statistical methods and by the lack of adequate meas- 
uring instruments, 

In 1891 Fol (1+) published the results of a study of 
the resemblance between husbands ami wives. I k used 
photographs, and the study was carried out as carefully 
as possible, but of course the method was not objective 
or quantitative. Fie arrived at the conclusion that like 
people marry, not unlike, and that the oft-noted resem- 
blance between aged couples is not due to their life 
together, but exists from the time of marriage because 
of selection, 

In 1900 Karl Pearson published, in the second edi- 
tion of his Grammar o[ Science t the results of correla- 
tions of husbands and wives in two physical traits. In 
stature the result was a correlation of ,2872 for UJ(H) 
pairs, and in eyc-calor a correlation of .1002 for 774 
cases. Fie concluded that the resemblance is very 
striking, noting that in the case of stature it is greater 
than the resemblance of uncle and niece, and in eye- 
color is greater than that of first cousins. 

From a study of Pearson’s family records, Pearson 
and Lee (37) found the correlations of husbands and 
wives in physical traits to be as follows; stature, ,28; 
span, .1989; length of forearm, .1977; the average of 
the three is .2257. This resemblance is greater than 
that of great-grandparents to their great-grandchil- 
dren, which, as Pearson noted, is about .20. lie had pre- 
viously found from study of Gabon’s records of 200 
families that the correlation for stature was ,09 with 
a probable error of .05, but when limited to those cases 
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having adult offspring it was .18 with a probable error 
of .02, which agreed well with the present results. 
This lie concluded may be due to reproductive selec- 
tion, a correlation between hoinogamy (tendency for 
like to mate with like) and fertility. 

A cooperative study published in 1903 showed the 
relation between husbands and wives in duration of 
life. The results were as follows: 


Source of data 

r 

V.li. 

Wcnsleydale and district 

2200 

.0244 

Oxfordshire 

.2MJ0 

.1)21 1 

Society of friends 

.1999 

,0202 

Mean correlation 

2233 



This shows very close agreement with Pearson's re- 
sults with physical characters. Duration of life was 
shown, in an earlier study, to be inherited. It may be 
regarded as a rough indication (if general physical 
fitness, and hence the correlations above may be re- 
garded as measures of die tendency fur like to mate 
with like. The results of similar study of London 
Cemetery material gave a correlation of .4204 with a 
probable error of .0176, which was considered spuri- 
ously high, because of the transi tori ness of the popula- 
tion, Which would prevent burial of husband and wife 
in the same grave if they died many years apart, 

Franz Boas (2) published in 1903 the results of 
study of records (if 48 Jewish families, die records 
being collected by Dr. Maurice Fish berg. The trait 
studied was cephalic index, and the correlation between 
husbands and wives was .15, 
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Lutz (31) (1905) compared the cnrirtati'ins n{ hus- 
bands and wives in a trait where there r mainly is 
conscious selection, with the results of the studies cited 
above. He tabulated the ages of 2500 married tuples 
as given at the marriage license office at Chicago dur- 
ing the spring of 1904, and found a coefficient of as- 
sortativc mating of .764. This is considerably higher, 
partly due, perhaps, to the tendency for possible falsi- 
fication of ages to raise the correlation, but mainly be- 
cause of the conscious selection of mates of similar 
ages. 

In 1908 Schuster and Kid or ton (52) published the 
results of a statistical analysis of the data collected bv 
Heymnns and Wiersma, which was previously not 
handled quantitatively. The coefficients of associative 
mating ranged from .72 for “religious feeling” to .2K 
for “anxious or sanguine.” Not much emphasis can 
be placed on this data because of the method of collec- 
tion. Forms were scat to 3000 Dutch physicians, asking 
each one to answer ninety searching questions about 
one family. As Pearson states, these doctors would not 
often be able to answer the questions accurately for any 
family but their own, and it is likely that the doctors 
did use their own families in many cases. 'Plus would 
often lead to placing the two parents in opposite cate- 
gories, and rating the children as like one or the other; 
such subjective rating schemes would vary from case 
to case, and would help to explain the negative correla- 
tions of husbands and wives. The negative correla- 
tions are evidently present in the case of those traits 
most difficult to judge, which would serve to support 
Pearson's conclusions. 
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Schuster (50) (1906) applied statistical methods to 
the treatment of the data on deaf couples collected by 
Dr. K, A. Kay in America. Records of 4+71 pairs 
were available, hut, due to some complications in the 
data, the coefficient of associative mating could not be 
determined exactly, although he stated that it is cer- 
tainly above .90. There is a pronounced tendency for 
deaf persons to marry deaf persons, which anyone can 
readily understand. 

Karl Pearson and Miss Kldcrton (1908) published 
results on the data of Pope concerning the statistics of 
pulmonary tuberculosis, and concerning assortative 
mating in man. A rather extensive table appears on 
page 22 of the memoir, summarizing the studies of as- 
sortative mating in man which had appeared ;u that 
time, The results presented are shown in the table 
on the following page, and they indude much of that 
summarized in the preceding pages here, The mean 
marital correlation for a number of physical trails was 
.24 and for a number of psychical traits .2+. Some of 
the results on physical trails, and all of those on psychi- 
cal traits, were values derived from contingency co- 
efficients. For the trail of insanity, a correlation of 
.20 was presented, a value obtained by Miss Elder ton 
from study of Pearson’s family records, using the 
method of four-fold tables. 

For Pope’s own data proper, the coefficient of 
resemblance of husbands and wives in tuberculosis was 
.17. When corrected for sampling, Pearson found a 
correlation of .22. This was in good agreement with 
results from the best previous series ol data on the sub- 
ject. 



s Assortattve Mating in" Man, from the x able on Page 22 of the Memoir Which 
Included Pearson's and Elderton's Analysis of Pope’s Data 
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Goring (21) (1909) found a correlation between 
husbands and wives in the “tubercular diathesis” of 
— .0072. The data were based on a study of family 
histories of 1500 criminals. He also gives the follow- 
ing table of correlations, calculated by the method of 
four-fold tables: 


Character 

Class of population 

Number of 
couples 

Corral. 

cocfF, 

Pulmonary T. B. 

All 

723 

~01 

(C 

Well to do and prospermia poor 

462 

.16 

ir 

Very poor and destitute 

26 1 


Insanity 

All 

H33 

,06 

ir 

Well to do and prosperous poor 

493 

.35 

if 

Very poor and destitute 

257 


Criminality 

All 

474 

.20 

11 

Well to do and prosperous poor 



II 

Very poor and destitute 

153 

.18 

Alcoholism 

All 

1426 

.70 

H 

Well to do 

6 5 

.69 

If 

Prosperous poor 

244 

.58 

l< 

Very poor and destitute 

1 5 1 

.44 

Freedom from r.nn- 

AH 

437 

.11 

fllitnlinnnl 

Weil to do and prospermia poor 

296 

>08 

disease 

Very poor and destitute 

14 1 

.17 

Kit her phthisis or 

AH 

485 

—.01 


Insanity 

Goring calls our attention to the fact that the marital 
coefficients get larger as we pass upwards on the social 
scale; this leads him to believe that the higher values 
obtained by other investigators represent assortative 
mating for the most part, and infection only to a small 
degree. In insanity, where infection is ruled out, the 
correlation is twice as great as for tuberculosis. For 
the last entry in the table, where husband and wife are 
both diseased, one having phthisis, the other insanity, 
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the correlation is —.01. In this ease assortativc mating 
and infection are both ruled out, and the coefficient 
represents no correlation at all. 

From a study of Galton's early records, Harris (23) 
(1912) obtained a coefficient of mean square contin- 
gency between husbands and wives in hair odor of .34, 
He presents in the same paper a valuable summary of 
previous literature on the subject. The results of 
Woods 1 study, which we have not yet discussed in tins 
connection, arc among the many included. Woods 
found between intellectual grades of husbands and 
wives in 229 royal marriages a correlation nf .UH with 
a probable error of ,076. This is what we should ex* 
pect, since others plan these marriages, and we should 
not expect to find much evidence of assortativc mating. 

Williams, Bell, and Pearson (60) (1914) found the 
correlation (tetrachorie) between husbands and wives 
in rheumatism to be ,136. This they note cannot be 
due to environment, as the husband and wife arc to- 
gether much longer than parent and child, hut the 
parent-child correlation is much higher, averaging ,63. 
It is, of course, possible that one represents effects of 
environment alone, the other environment plus hered- 
ity. This, however, is very highly improbable, and it 
is most likely that the correlation between husbands 
and wives here found is due to assortativc mating for 
traits associated with rheumatic constitution. Later 
results presented in the same paper show a mean 
parent-child correlation of .46. 

Jones (29) (1929) reports a correlation of .10 with 
a probable error of .08 between 45 pairs of parents, in 



RESEMBLANCES IN VERBAL AND NUMERICAL ABILITIES 33 


regard to scores on the Pintner-Paterson performance 
test. The data studied were those of Moorees (34) 
(1924). This correlation determined by Jones is very 
low, and must be interpreted in the light of the fact 
that the people were all parents of children in an 
institution for the feebleminded. The narrow range 
partly accounts for the results, especially since coef- 
ficients of marital resemblance tend to be lower when 
the sample is taken from the lower classes of the popu- 
lation. Jones credits Moorees with the first objective 
measurements of mental test abilities in husbands and 
wives. 

The results of the several articles in the 1 928 
Yearbook oj the National Society for the Study of 
Education, which present data on this subject, will be 
summarized together. Willoughby presents the cor- 
relations between married pairs in regard to eleven 
psychological tests, with an average raw correlation 
of .38 and an average corrected coefficient of .44. The 
tests were very reliable, hence the correction for at- 
tenuation is small. The average corrected correlation 
for the five verbal tests was .44, and the average was 
the same for the six non-verbal tests, 

Miss Burks reports coefficients of assortativc mating, 
for mental ages on the Stanford Revision, as follows: 

” 7 - Ydi « 

Poster group .42 .04 17+ 

Control group .55 .05 100 

These average slightly higher than Willoughby’s cor- 
rected coefficients, but somewhat lower than the cor- 
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relation reported by Jones between husbands iu>d wives 
in Army Alpha. Jones had 105 eases, and the enr rela- 
tion vm .5% with a probable error of .042- 
The Chicago study oF foster children showed a 
correlation between husbands and wives, a> nuMMucd 
by the Otis test, of .49. This agrees very well with 
Miss Burks’s results. With type of home kept con- 
stant, this correlation was reduced to .22 but that is a 
factor which should not he kept constant if we are 
endeavoring to measure the extent of homogamy. 
Hence the correlation of ,49 is the one to emphasize 
in this connection. 

H. J. Banker (l) (192H) found a eneflicient of as- 
sortativc mating of .24 with a probable error of .095 
for 4S pairs of husbands and wives. The cm* red avion 
was based on a study of school grades reduced to a 
Student’s Ability Index. This is lower than the gen- 
eral trend of recent studies, hut the number of cases 
is small, and the group pmbahly homogeneous. 

The recent work of Jones (29) (1929) is especially 
valuable because of its complete ami careful presenta- 
tion of the facts of assn native mating, beginning with 
the earliest studies, and including all up to the present 
time, The reader will wish to examine in detail die 
carefully prepared tables presented therein, hence only 
a summary will be presented here. The early studies 
showed a correlation between husbands and wives in 
physical traits around .25; in mental traits, likewise, 
early studies found values fluctuating about this 
amount, roughly speaking, The more recent work, 
especially that published in the 192H Yearbook, with 
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better tests and more adequate technique, shows the 
correlation in mental traits to he somewhere in the 
neighborhood of ,50, Jones presents a discussion of 
various types of selective factors which contribute to 
this resemblance. One very important fact which he 
brings out is that any adequate discussion of inheri- 
tance must not merely take into account the correla- 
tions between patents and children and between 
siblings, but must interpret them in the light of the 
coefficients of marital resemblance. lie discusses addi- 
tional literature bearing on the general problem and 
indicates further implications depending on the social 
effects of the facts of marital resemblance. He cites 
the data of Willoughby in detail, and notes that higher 
coefficients are to be expected in the case of the Jones 
data because of wider selection and greater variability. 
He also mentions die fact that the higher correlations 
for the control group in the Uurks study are in line 
with the belief that there is a positive relation between 
homogumy and fertility. 

It is difficult Lo understand how it is possible for the 
belief that opposites attract to be seriously indulged 
in by many educated persons, in the face of all this 
evidence which has been accumulating for over 35 
years, Such a belief, however, seems to be widely pre- 
valent, The evidence points unmistakably to the fact 
that like lends to male with like, where the trails under 
consideration are such as to he a factor in selection, and 
even in traits not directly considered hut which arc 
related to those fads upon which selection depends, 
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ti-ie description of the data 

Tests and FiioavDiMtiv 


The Courtis Standard Research Tests in Ariihnicm, 
Series B, were used in this study. Theft 1 consist of four 
subtests, one for each of the fundamental operations, 
as follows : 


Addition 

Subtraction 

Multiplication 

Division 


«S minutes 24 example-*. 
4- minutis 24 rx.unplr. 
6 minutes 21 cxatnplrv 
H minutes 24 examples 


These tests arc all timed so that it is very unusual for 
anyone to complete the tests. Scoring was done ac- 
cording to number right, 

Vocabulary Tests A and B of the University of 
Minnesota College Aptitude Tests were also used. 
Each test is three pages long, and the subject is given 
directions as follows: 


"After each word in capital letters there are five 
answers, only one of which defines it. Pick out the rigtu 
answer and draw a line under it for reference. Then put 
the number of that answer in the parenthesis ( ) ar the 

end of the line, as shown in the samples below. You will 
be given fifteen minutes to answer 120 items, U you do 
not know, guess. The first two samples are marked 
correctly.” 

The words were systematically selected from the 
eight-, nine-, and ten- thousand- word levels in the ten 
thousand most frequently used words according to 
Thorndike’s running count of about 4,565,000 words 

[ 36 ] 
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(See The Teachers Word Book.) For college en- 
trants, the examination is a power test, not a speed test. 
Most subjects have no difficulty in finishing, but no 
perfect scores were obtained. 

The two vocabulary tests and two forms of the arith- 
metic tests were given to all the subjects. The testing 
was done by the writer, with the exception of three 
families. Wherever possible, whole families were 
tested at one sitting. Spaces were provided on the 
blanks for securing information as to age, sex, school 
grade reached, and the date of the examination, First 
one arithmetic test was administered, then both vocab- 
ulary tests, and then the other arithmetic test. The 
total testing time was 82 minutes of actual work, but 
the procedure usually took about two hours, as the sub- 
jects did not wish to work without rest periods. This 
was particularly true of the parents and the younger 
children, and it is likely that the work periods were 
well adjusted to the demands of the subjects. 

Tub Subjects 

One hundred and eight families were tested where 
both parents and one or more children over 12 years 
of age were available. In addition, records of two 
or more persons in each of 31 incomplete family 
groups were obtained in the course of the investigation. 
A dozen or so unrelated individuals also took the tests 
along with families with whom they were acquainted. 
Several groups of college students were given the tests, 
to determine reliability coefficients for such groups. 
Jn the complete- family group, with which wc arc 
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mainly concerned, there were 446 ea«es. omipowd of 
216 parents and 230 children. 

A first appeal was made to the psychology students 
who lived in the nearby urban community, and in this 
way some eases were obtained. From emit family 
tested, a list of people who would be likely to co- 
operate was obtained, and this list steadily increased. 
Within this group the only selective factor operating 
was the willingness of the persons concerned. In gen- 
eral, it may be said that the group includes grade- 
school, high-school, and college students, and their 
parents; the younger children belong to the class who 
are likely to attend college in the future. There is no 
reason to suppose that the older children were any 
more highly selected than the younger ones, as there 
was no direct selection from the schools. • 

General Treatment oi ; thk Data 

Each person's average score in the two vocabulary 
tests was obtained, and these averages used as the mea- 
sure of the person’s vocabulary. For the children, a 
curve was drawn showing the increase in score with 
age, and each individual’s score was reduced to a 
sigma score by Formula I. 

•v— £ ^ 10 J -j- 5(). l a 'firninl:i 1 

In this ^formula, x is the sigma score, A' is die raw 
score, x is the average for the age group represented, 
and a - ® is the standard deviation for the age group if) 
which the individual happened to fall, For both 
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vocabulary and arithmetic an increase in ability could 
be seen to extend up through age twenty. 

For each of the subtexts in arithmetic a similar 
age curve was drawn, and the score for each person 
expressed in terms of deviation from the mean of the 
age group in which the person belonged. This devia- 
tion was divided by the standard deviation of the age 
group, and the result multiplied by ten, making the 
standard deviation of the resulting sigma scores ap- 
proximately ten for all groups. Adding tlve constant, 
50, made all scores positive, and the mean approxi- 
mately 50 for all groups. This is, of course, the same 
procedure ns was described above in the case of vocab- 
ulary by means of Formula T, 

The present study deals only with general computa- 
tion ability and vocabulary ability. The sigma scores 
of the separate arithmetic tests were averaged, and the 
resulting total arithmetic scores dealt with. Further 
treatment of the relative abilities within the Held of 
compulation is reserved for a later paper. 

The average score for parents was determined 
separately for each sex, and each persons score ex- 
pressed as a fraction of the standard deviation above or 
below the mean for that sex, and then the constant 50 
added. This procedure may be described by use of 
Formula I also, where x is the average for parents of 
that sex, and «*-- is the standard deviation for parents 
of that sex, 'The total arithmetic score was obtained 
by averaging the sigma scores for the separate tests. 
The inlluencc of age was evident in the scores of the 
fathers, ami was eliminated by use of a procedure to be 
described later. 
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111 determining the sigma scores the calculator was 
used, and each step carefully checked; the values were 
put in the form of typewritten tables as soon as ob- 
tained. The writer considers this method less labor- 
ious and far more accurate than the graphical method. 
The result of the process was to make the scores tih- 
tained by persons of different ages roughly comparable. 
This was necessary in order to compare the scores of 
parents with those of their offspring, and to compare 
the scores of siblings of different ages. On the basis 
of the scores thus obtained, the correlations between 
parents and offspring and between siblings were calcu- 
lated. 


RELIAU ILITY CoEl-TICl ENTS 

The reliability coefficients of the tests were calcu- 
lated from the raw scores. For the children these 
coefficients were calculated for separate age groups to 
avoid spurious correlation due to the age factor. 'Hie 
correlation was calculated for first subtest versus sec- 
ond, and the reliability of the total test determined by 
the Spearman-Brown formula, AU correlations were 
calculated by the Pearson product-moment method, 
except those for children of the ages 10, 11, and 12. 
These were calculated by the rank-difference method, 
converted to r-values by formula, and the result used 
in getting the reliability of the total. The reliability 
coefficients for the total test are presented in Table I. 

The total arithmetic test, obtained by averaging the 
scores of the four subtests, has a reliability of .97 for 
the fathers, .96 for the mothers, and about .95 for cob 
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lege students or for children in homogeneous age 
groups. The reliability of the vocabulary test is .96 
for the fathers, .96 for the mothers, and about .92 for 
college students or children in homogeneous age 
groups. 

TABUS 1 

Rr.UAMUTY COKYYIVIKNTft 


Arithmetic ViKifllmlnry 


A^e 

n 

r 

n 

r 


A. Kur die Children 



10 

13 

.97 

13 

,94 

II 

H 

.98 

L4 

.96 

12 

13 

.94 

13 

.90 

13 

21 

.96 

21 

.92 

14 

35 

.95 

35 

.92 

15 

31 

.94 

31 

.S9 

16 

31 

.96 

31 

.93 

17 

26 

.93 

26 

.93 

IS 

27 

.96 

27 

.94 

19, 20 

37 

.97 

37 

.92 


It. Reliability C< 

K*flieients for 

Parent*. 



Arithmetic 


Vurnhiilmy 



n 

r 

// 

r 

Fnthor.i 

I OH 

.97 

11)6 

.96 

Mothers 

104 

.96 

116 

.96 


C. Reliability Corflicicnis for Calient- Sunlcnts 


Vocabulary 

162 snj> Immure* 

.92 

Arithmetic 

20 

.94 

- 

34 

.97 

•> 

44 

.94 


23 

,95 

“ 

39 junior* 

.95 


It will be noticed that the reliabilities of the arith- 
metic test average .95 or over for all groups concerned, 
and for the vocabulary test .92 or over. While not 
much emphasis is placed on the exact values, the re- 
sults given furnish a good indication of the general 
trend, and it is safe to say that the tests differentiate 
well at all levels represented. 



42 


MiNi/riu i»svai«i.<H,v mmnvw.rm-hv 


CORHKLATIONH M-TWl-l-N Till TWO Tl STS 

The correlations in Table 2 were mkuhud i«> deter- 
mine for different groups the extent to which perform- 
ance on the arithmetical computation um is cm related 
with performance on the vocabulary uM. 


TAHLK J 

Corrhcatjon niTwi-ix Aritummu- am* Voe.Min a«v T « ms 



H 

r 

r.t>. 

Fathers 

108 

.3* 


Mothers 

ins 

,-lti 


Sons 

147 


,<rS3 

Daughters 

157 

.19 


Mean 


.31 



We wish to know the extent to which these tests 
measure separate types of ability. The average of the 
correlations is about .31, but they vary considerably; 
the average of the correlations for the parents is .41, 
and for the children it is .203. The sigma scores were 
used in the calculation. In view of the high reliability 
coefficients of the tests, it may be said that each test is 
consistently measuring something not measured by the 
other, 1 

1 Thcre arc several lines of evidence to indicate that ounputatioiial 
ability is a special ability. In 1921 Huckingtiam (3) found a cor- 
relation between computation tests and general intcHiurnce of ,-11 for 
a group of 350 pupils in grades seven and eight, lie used the 
parts of the Illinois Intelligence Examination. 'This correlation is 
evidently much lower than the intcrconclations of either verbal leM* 
or numerical tests. He concluded that ability in computation is 
largely a matter of practice, and is less influenced by intelligence than 
is ability in reasoning. 

The work of Sclmcck, (49) in 1929, using an entirely different 
technique, showed clcnrly the existence of a factor of numerical 
ability rather independent of verbal ability. 



III. AGE, SEX, AND EDUCATIONAL 
DIFFERENCES 

Sex Diffkiusncks 

In any study of possible inheritance of a trait, the 
factor of sex must be taken into consideration, both on 
account of biological factors associated with a differ- 
ence in the sex chromosomes, and on account of social 
factors. Given equal endowment, it is to be expected 
that the two sexes will differ in some respects, due to 
traditional differences in training, Moreover, it is far 
from safe to assume equal endowment in every case 
a priori. 

In the present study sex differences were found 
among the parents, and it is assumed that some of these 
are more likely due to differences in experience than to 
differences in native capacity, although both factors 
may have operated. The main differences arc shown 
in Tabic 3. 


TABLE 3 

Scours ok the Variants (Mi-ans and H.D.'h). 



ii 

l'aibci'9 

Mean 


n 

Mothers 

Mean 

S.l>, 

Vocabulary 



22.0 

123 

92.fi 

18.6 

Arithmetic 


J Oil 

4.6 

123 

8.6 

+.4 

Years of lviluc, 



3.9 

99 

13.0 

2.6 




6.4 

123 

45,2 

5.9 


In vocabulary the women arc slightly superior, but not 
significantly so. In arithmetic the men arc decidedly 
superior to their wives, the difference being very sig- 
nificant. Table 4 will aid in interpreting their findings: 

[ 43 ] 
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TABLE 4 

Sex 

difference 

S.l). 

Jiff. 

MB- 

s.l)~ 

.'iff 

Vocabulary 

2.7 

2-7 

t.fl 

Arithmetic 

+.6 


7.74 

Years of cduc. 

.6 

47 

1.27 

Age 

4,1 

.HI 

5.2S 


The men have, on the average, half a year more edu- 
cation than their wives, and they are 4,3 years older. 
The men are the more variable (absolute) in all the 
measures shown, although in arithmetic the women 
are relatively more variable, as shown by the coefficient 
of variability (standard deviation divided by the 
mean) of 34.6% for the men and 50.6% for the women. 
The only significant sex differences are in arithmetic 
ability and age, the first being due, probably, to prac- 
tice. Since the sigma scores were obtained separately 
for men and women, these differences in arithmetic 
and vocabulary have been eliminated from the scores 
of the parents before proceeding with the compula- 
tions involved in the main part of the study. Another 
important sex difference will be discussed in the sec- 
tion dealing with the influence of age on the perform- 
ances of adults. 

Sex Differences among the Ciiii.orrn 

Boys and girls in the same family in this community 
probably have approximately equal educational op- 
portunities at the present time, and hence if sex differ- 
ences are found they may really indicate differences in 
capacity. However, it is likely that more obscure fae- 
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tors than formal training are operative in producing 
them, and it is probable that traditional cultural influ- 
ences have a part in causing them. 

To be sure that we arc dealing with sex differences 
and not age differences, it lias been necessary to con- 
sider the age groups separately. The subdivisions have 
not been carried farther, due to the small numbers of 
cases at each age level. Table 5 shows the results 
which have been discovered. 

The differences are certainly small, inconsistent, and 
statistically insignificant. It is possible that a larger 
number of eases would indicate a slight difference in 
favor of the girls, as the larger differences arc in their 

TABLE 5 




H 

Mean 

S'.l). 

S.D. 

Age gr<jti[> 




At 



Uo>V 

Scores in Vocabulary 


10, II, 

12 

24 

48, 83 

19.93 

4.07 

13, 14 


30 

77. 

17.4 

3.18 

15, If, 


27 

89.67 

13.73 

2.04 

17, IS 


19 

92.89 

14.06 

1.22 

19, 20 


15 

98.73 

13.66 

1.53 

21-10 


32 

99.38 

13.17 

2.33 



(Jirls’ 

Scores in Vnenhuln 

ry 


10, 11, 

12 

16 

59.75 

24.3 

6.07 

13, 14 


26 

77. 

14.4 3 

2.83 

15, 16 


35 

87.68 

10.50 

1.77 

17, 18 


34 

100.06 

10.33 

t.77 

19, 20 


22 

99.54 

10.04 

2.14 

21-30 


24 

99.17 

15.21 

J.10 



Sex Differences in Vocabulary 







D'lfJ- 



Favoring 

Favoring 

S.D. 

S.D. 



girls 

hoys 

‘lift. 

W- 

10, U v 

12 

10.92 


7.31 

1*4.9 

13, 14 


0.0 

0.0 

4.26 

11.(1 

IS, 16 



1.99 

1.18 

.62 

17, 18 


7.17 


3.67 

1.95 

19, 20 


.81 


4.13 

.20 

21-30 



.21 

3.88 

.05 
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favor. However, none of the tlifTerenccs here found 
is statistically significant, and while three favor the 
girls, two favor the boys, and in one age group there is 
no difference. There is nothing in these data to justify 
computing separate averages for boys and girls in de- 
termining the sigma scores. 

Table 6 presents the results of similar treatment of 
the data with regard to arithmetic scores. 

TABLE 6 

H Mean >Y.O. «Y J). 


Ape group 




M 


Boys' 

Scores i« 

Aiflhnmir 


10, It, \l 

24 

MIS 

5.07 

M 

13, H 

30 

3.311 

3.93 

.73 

IS, 16 

27 

3.23 

3.1H 

.60 

17, 13 

19 

9.92 

3.70 

.85 

15, 20 

IS 

11.7 

3,27 

.81 

21-30 

32 

12.78 

3.91 

.70 


Clirls 1 

Scores in 

Arithmetic 


10, 11, 12 

16 

6, HI 

J.0L 

,75 

13, 14 

26 

9.98 

3,12 

.M 

IS, 16 

35 

9.7 3 

3. St, 

.fill 

17, ia 

n 

10.70 

3.76 

M 

19, 20 

22 

U,<<1 

4.31 

1.03 

21-30 

24 

10.42 

3.83 

.73 


Sex Differences i 

tl Arillmieiic 






Miff. 


Favoring 

Fa vo ruin ,Y.f). 

slC 


Kiris 

hoys 

Mff. 

Jiff. 

10, lx, 12 

.73 


.98 

.74 

13, H 

I. OS 


.98 

Ml 

15, 16 

1.45 


.85 

1.71 

17, la 

.79 


1.07 

.73 

19, 20 

.20 


1.33 

.60 

21-30 


2.36 

1.05 

2,26 

' - ■“ 



— „ — 



Differences 

in arithmetic favor the girls. 

However. 


none of the differences is significant, and for the 
oldest group, where the difference is largest, it actually 
favors the boys. With a larger body of data we should 
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probably find girls superior at all ages up to maturity, 
and the lines would probably cross somewhere around 
age twenty. This suggests that, after leaving school 
and entering non-acadcmic life, the work of men causes 
continued practice in arithmetic more than docs the 
work of women. The difference here for ages 21 to 30 
indicates that the superiority of adult males is present 
in early maturity as well as at later stages in life. The 
superiority of girls at younger ages may be due in part 
to greater studiousness, and in part to earlier maturity. 
These differences are not statistically significant, and 
do not justify calculation of norms separately for the 
sexes. 

For both vocabulary and arithmetic the differences 
we have found arc typical of sex differences in general 
in such tests. They are usually found to be small 
and unimportant as compared with individual dif- 
ferences. 

To avoid unnecessary errors of sampling, the boys 
and girls were grouped together to determine the age 
averages used in getting the sigma scores. Thus, in 
the case of the children, the process of getting sigma 
scores has eliminated only the age factor, and has not 
eliminated these small sex differences. All calcula- 
tions of family resemblances have been carried out 
separately by sexes, so that similarities of persons of 
like sex due either to original nature or to training may 
show themselves in the correlations. 

KDUCAT ION AL IFf I f KttKNCKS 

The differences in the case of the parents have been 
mentioned above in the section on sex differences, 
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TAHLK 7 

The Effect ok the Parents’ Kdixm'iimk 

H n‘ t v h. IMS’. 

Correlation of Years Educ. 


of Fniher with: 


Father's ntrfh. scare 

99 

99 

• .01 

.»»7 

.0? 

Son's nrilh. score 

U)2 

n 

.11 


.<<« 

Daughter's arith. score 

107 

79 



■OS 

Father's voenb. score 

99 

99 

.11 

JH 

ns 

Son’s voenb. score 

10) 

74 


.m7 

,us 

Daughter's voea.li, score 

107 

79 

.15 

.Oft 

M? 

Correlation of Years Educ. 





of Mother with; 






Mother's arilli. score 

99 

99 

,211 

.OS 

.Ob 

Son’s arith. score 

102 

74 

.rui 

Jt? 

.OS 

Daughter's arith. score 

107 

79 

.11 

.0 s 

M 

Mother’s vocab. score 

99 

99 

.49 

JH 

.0$ 

Son's voenb. score 

101 

74 

— .02 

,07 

,ox 

Daughter’s voenb. score 

107 

79 

.0ft 

.06$ 

.OS 


*The value labelled Minimum f\/i, mean* the Value nl the probable 
error tnkingr the total number of pairs ni the mmibrr of rase*. The value 
labelled Maximum P,l j\ means the value of the probable etmr taking the 
number of cases ns the number of pairs possible without using mi) in- 
dividual's score in more than one pair. The true value ni the probable 
error of the obtained correlation lies between the two, Tbr letter « i* stseil 
to designate the number of pair* used in calculating the inrrctniinn liuttil 
number); the letter rt' it used to designate the number of pair* possible 
without usin^ any imlmduul in more than one pair. This tun at ion i* used 
throughout this manuscript. 


However, some additional facts of importance arc ro 
vealed by the correlations in Table 7. 

In the case of arithmetic, the correlations arc all 
surprisingly low. The father’s standing in arithme- 
tical computation tests seems to be practically inde- 
pendent of the amount of his formal education. In the 
case of the mothers, however, there is a noticeably posi- 
tive correlation. Altogether, it may he said (hat the 
ability of the parents in the arithmetic test seems to be 
very slightly correlated with amount of education as 
measured by the number of years in school (average 
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correlation -115), but it is well to keep in mind the 
fact that there is a significant difference between the 
correlations found for men and for women in this 
respect. 

There is a marked correlation (average is .51) he- 
tween amount of formal education and vocabulary 
score for these parents. This may be due in part to 
dependence of both oil some third factor, such as bi- 
ological heredity. 

It may be seen from inspection of both tables that 
there is a very slight positive correlation between years 
of education of the parent and score of the child on 
these tests. This cannot be caused directly by the train- 
ing the parent received, but may bo due either to as- 
sociation of parent and child, or to an inherited 
similarity in general level of ability, which affects the 
scores, or to both. Most of these correlations are not 
larger than their probable errors, but, of the eight, 
seven arc positive and only one is negative. In general, 
these correlations are smaller than has usually been 
found. The significance of this fact will be discussed 
in a later section of this monograph. 

Children's Education 

In the case of the children, correlations of their 
scores with educational status are more difficult to inter- 
pret and evaluate. Since the factor of age is respon- 
sible for a part of the correlation, and since the age 
factor has been eliminated from the sigma scores, a 
comparison of the correlations of grade with raw score 
and with sigma score may reveal something concerning 
the effects of schooling. However, the factor of in- 
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telligence has a bearing on educational status, as well 
as on the scores in the tests, fur these younger people 
especially, and this must he taken into account, lie- 
cause of this, it has not been considered permissible to 
eliminate the factor of education. An exhaustive study 
of this factor, although desirable, is outside the scope 
of this thesis. Those correlations which have been 
calculated arc presented in Table h. 

It is, of course, to he expected that the sigma scores 
(age factor eliminated) should still correlate some* 
what with grade in school, since both would depend 
upon underlying scholastic ability to some extent. It 
is evident, nevertheless, that most of the relation be- 
tween school grade and test ability is eliminated when 
the effects of age are ruled out. Although computa- 
tion ability is ordinarily considered to be much af- 
fected by training, there is very little correlation 
between test performance and school grade when the 
factor of age is ruled out, and the correlation is lower 
than in the case of vocabulary. For both types of 


TABLE 8 



Vocabulary 

Arillmtclio. 


n 

r 

P.K. 

it r 

P.H, 

Grade and raw score 






Hoys 

1+3 

.73 

.02 r. 

1U .5# 

.037 

Girls 

151 

.73 

.026 

151 .35 

.048 

Average 

Grade and sigma score 


.73 


.565 


Boys 

1+3 

.23 

.05+ 

143 .22 

.05'! 

Girls 

151 

.20 

.053 

151 .01 

.055 

Average 


.215 


.115 

Correlation of 

age and grade 




Boys 

n 

r 

I'M. 



H3 

,U 

-015 



Girls 

151 

M 

.01+ 
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performance, the correlation of age with raw score 
(sec later section) is just slightly lower than the corre- 
lation of grade with raw score (difference not signi- 
ficant). The correlation of age and grade is .86, but 
might he higher if the 35 cases in the age group from 
22 to 30 had been eliminated. 

Tut: Acik Factor (Adults) 

The ages of the fathers in the group range from 37 
to 66 years, with an average of 49.53 and a standard 
deviation of 6.36. The mothers’ ages range from 31 to 
to 62, with an average of 45.19 and a standard devia- 
tion of 5.94. It is evident from this wide range that 
the factor of age must he considered carefully, as it 
might conceivably have some hearing on the ability of 
the subjects. The correlations are presented in 'Fable 
9. 

TAHLE 9 

The Kffct.s of A ok i in Adult J’ek foii.ma .vn: 


Men: 

rt 

r 

PM. 

Aec and arilli. score 

108 

—.25 

.0 6 

Akc anil vocalic sour. 

JOS 

— ,24 

.Of. 

Arc and years of cdur. 

99 

— .17 

.OfrS 

Wuniciv. 

Age and arilli. score 

123 

.09 

.0<i 

and vocal). score 

123 

—.01 

,0fi 

Aj?c and years of edor. 

99 

—.16 

.07 


The correlations are negative in the case of the men, 
but practically zero for the women. No marked re- 
lationship is indicated, but we are justified in saying 
that there is a slight tendency for the men to show a 
decrease in ability on these tests as they' get older. The 
decrease is slight, but present to pra ctically the s ame 
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extent in both types of performance. It may be due to 
later maturity, or to selective factors of some sort. 

The slightly greater age of the men cannot account 
for the sex difference in the decline. In the lirst place, 
inspection of the correlation plots did not reveal a 
curvilinear relationship. Secondly, there is no law of 
development. NvhwW wwttW lead us Vo expect a sudden 
decline rather than a gradual decline over a period of 
years. In the third place, there is tremendous over- 
lapping in the age ranges of the men and the women. 

The apparent decline may he due to some sort of 
selection; the older men arc less able, hut they may 
have been less able when young, and age may have 
nothing to do with it. The negative correlation be- 
tween age and years of education is perhaps sufficient 
to account for some of the decrease in ability with age. 
However, as years of education is a factor related to 
aptitude, the elimination of that factor by the partial 
correlation technique would not give results easily 
interpreted. Wc sec that this negative correlation of 
years of education with age is present for both sexes, 
which may mean that it does not help to explain the 
decrease in ability with age, which occurred only in 
the case of the men. Wc cannot be sure of this, as 
educational opportunities were not always the same 
for the two sexes, and it is perfectly possible that the 
older women are relatively more highly selected, so 
that a later maturity decline is concealed. 

It seems reasonable to accept the conclusion that we 
have here a true decline in ability with increasing age, 
on the part of the men. Accordingly, the correlations 
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of fathers* scores with children’s scores (see Section 
IV) were calculated both before and after the effects 
of age were eliminated from the scores of the fathers. 

The equations for the regression of arithmetic and 
vocabulary on age for tbe fathers were 

.V .-7: — , 1 7‘)7 z 
r = — .825 z 

where x is the arithmetic score, y is the vocabulary 
score, and z is the age, all expressed as deviations from 
the means, By means of these equations, the most 
probable deficits due to age were calculated. ICach 
man’s score was then corrected : if he were older than 
average, a small amount was to be added; if he were 
younger, a small amount was to he subtracted. The 
correction in raw score is larger for vocabulary, be- 
cause of the greater mean and standard deviation of 
the vocabulary scores. The corrections in sigma scores 
are about the same for both, ns the correlations with 
age (given above) were very nearly the same. 

After correcting the scores of the fathers by this 
method, the correlation of those scores with age were 
.05 and .00 for arithmetic and vocabulary, respectively. 
The number of cases is 108 and the probable error is 
,06 for each of these correlations. This indicates that 
this method of eliminating the age effect was satis- 
factory. 

Tbe effects of age were eliminated from the chil- 
dren's scores in a different way (sec Formula I, Section 
T I ) , because the curvilinearity of regression of scores 
on age for the younger group made this method un- 
satisfactory. The sigma score technique which was 
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used iu the case of the children is less satisfactory here 
because of the smaller number of cases and tin* greater 
age range of the fathers. 

Am-: Interim (Cniumi-N) 

Since the children in these families range in age 
from 10 to 30, and since age is known to be of con- 
siderable importance in ability at the younger ages, we 
expect in advance to find some interesting and impor- 
tant age effects in the case of the children, Ik'cause 
the line of means for scores by ages was known to he 
curvilinear, the correlation ratio was used, as well as 
the Pearson product-moment codlicieni, as a measure 
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Effects or Am: on Cim, onus's lVnnm.M.wci 


Correlation of age 



( ‘orrri lt d 

r.r. 

with ; 

n 

r 

PM. f'.Jn 

fin 

Vocali, raw score 





Ooys 

1+7 

,62 

,03+ .73 

.0.55 

« Girls 

157 

.59 

.1)3 5 .65 

.031 

Average 

n 


.605 

.69 


Arithmetic raw score 





Doys 

1+7 

M 

.0+3 .53 

.Mill 

Girls 

157 

.21 

.051 .36 

Ml 

Average 


.35 

,HS 


Kesui.ts of Bi.akeman's 

Test for 

LINEARITY OF RfcORKSStON 




Zeta 





Ghanrcs in I0t> 

Correlation : 


P.E. 

PM. the relation is 

Zeta 

Zcta 

ttta 

curvilinear 

Age and vocab. 

Boys 

Girls 

.15+7 

.11+3 

.0+33 
.03 6+ 

3. S3 
.31 + 

59. 

98. 

Age and nrith. 





Boys 

Girta 

,06+5 

.&7+0 

.0368 

.0293 

2, *10 

2.5+ 

91. 

95. 
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of the relationship. The results arc presented iji 
Table 10. 

In the case of arithmetic, it is evident that the ratios 
fall close to the critical point; however, we know from 
inspection of graphs that the line of means is not an 
approximation to a straight line, and this supports the 
result of BJakeman’s test, Although the evidence is 
not statistically conclusive, we fee! that the value of 
the correlation ratio is the best measure of the relation- 
ship. The curvilinearity is more evident in the case of 
vocabulary. 

Scores of the children in these tests depend, there- 
fore, to a considerable extent upon age. T his age ef- 
fect had to he eliminated in some way in order to 
compare scores of children and adults. The sex dif- 
ferences were small and inconsistent! lienee, in elimin- 
ating the effect of age by the sigma score technique, 
the children were grouped together regardless of sex, 
to eliminate unnecessary errors of sampling in de- 
termining age norms. Table 1 1 shows the averages 
for the successive age groups. 
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Arc Rroup 

n 

Average 
nritli. score 

Average 
vocalt. score 

10 

13 

5.9 

18.2 

11 

1 + 

5.5 

47.2 

12 

13 

7.6 

63.9 

13 

21 

10.6 

77.1 

11 

35 

8.7 

77.2 

15 

31 

9.5 

87.3 

16 

31 

8.8 

90.6 

17 

26 

10.2 

96.5 

18 

27 

10.8 

98.8 

1'J, 20 

37 

12,2 

99.2 

21-30 

56 

11.8 

99.3 
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taih-k \2 
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Range of 

Range rrl 

Age group 

vmtali. wore* 

juiili. M’ore*. 

10 

18 to 5)0 

1.7 |M 11. ,8 

n 

20 to S9 

1,2 in 11.5 

12 

21 lo 01 

2.5 to 1 5.t| 

13 

30 lo 98 

i. lo 18, 

H 

18 to 106 

2. in IS. 

15 

62 to 111 

3. lo 15. 

16 

58 to 11* 

2. m 19. 

17 

62 to 118 

4. lo Iti. 

18 

- 58 to 11+ 

2. to 21*. 

19, 2D 

54 lo 11* 

2. lo 20. 

21-30 

51 to 118 

1. to 22. 


The ranges of scores shown in Table 12 are approxi- 
mate, being read from the scaltcrgraph. They are 
exact for ages 10, 11, and 12. For the other ages, a 
slight error might be present, because of the grouping 
into class intervals. The class interval was unity in 
the case of arithmetic, and four units in the case of 
vocabulary. These approximate ranges show that in- 
dividual differences were very great. 

In determining the ordinates of the smoothed growth 
curves for arithmetic and vocabulary, Formulae H 
and III were used. 

ki a -j- fa b -}- /’n c T kt (l -{- k:, c 
y := — — — — . Formula II 

h + fa -f fa + ki H- kr, 
fa fl 4“ fa b T r 

. Formula III 

h T fa 4“ fa 

In these formulae, k» represents the number of cases 
used in determining the successive averages a , h , c, etc. 
The letter y is used to designate the ordinate of the 
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TABLE 13 


'lot ft l 


Afce Kroup 

Ad U. 

Suit. 

Mull. 

Uiv, 

nriih. 

Vocal* 

JO 

4.11 

7.36 

4.93 

6.79 

5.81 

49.5 

JJ 

5.16 

7.91 

5,81 

8.26 

6,78 

54.9 

12 

6.22 

9.41 

6.62 

9.71 

7.99 

66.2 

13 

7.0+ 

11.37 

7.01 

10.52 

8.98 

75.1 

14 

7. OK 

1 1 .62 

7.13 

10.68 

9.13 

S0.3 

15 

7.25 

11.78 

7.25 

10,77 

9,26 

85.1 

16 

7J9 

11.88 

7.47 

10,87 

9.40 

S8.6 

17 

8.14 

12.51- 

8.36 

11.15 

10.05 

91.9 

18 

8.9(1 

13.33 

9.70 

13,17 

11.02 

95.1 

19 

9.67 

13.96 

9.70 

12.17 

11.38 

96.9 

20 

10.26 

14.16 

9.70 

12.17 

11.57 

98.4 

2J-30 

IMS 

14,59 

9.70 

12.17 

11.91 

100,6 


smoothed curve. The first formula was used but once 
in each case, because it is laborious to apply; it was 
used only because the extreme irregularity of the curve 
of means seemed to require the application of some 
powerful smoothing formula. Formula III was ap- 
plied two or more times. The use of these smoothing 
formulae results in certain inaccuracies, but in a rough 
way serves to eliminate gross irregularities due to 
sampling errors. The resulting curs r c$ were not per- 
fectly regular, but were representative of the facts as 
determined by the data available, For a discussion of 
such smoothing formulae, sec Riclz’s Handbook oj 
Mathematical Statistics . The means thus determined 
are shown in Table 13, 

Since the changes in variability with age were not 
great, and, since the number of cases was small at each 
age group, it was decided to calculate the standard 
deviations after grouping cases suitably to avoid the 
effects of too small samples. The results are presented 
in Table 14. 
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'I’A BMC 14 


Arc group 

n 

SJ), lor 
A lift- 

arilhinni? lr»n 
Sub, Moll 

n»v. 

.V D. fi)r 

vuf ab. 

10, 11, 12 

n 

2.8X 

3.65 

3.19 

4.11 

22.01 

13, 14 

55 

3.79 

4.71 

3.42 

4.! io 

16.17 

15, 16 

62 

3.63 

4.63 

3.53 

4.17 

12,5 

17, 1H 

52 

4.40 

4.32 

3.74 

4.14 

124 

19, 20 

36 

4.84 

4.59 

4.4 5 

5.22 

12.4 

12.4 

21-30 

5f. 

4.49 

4.56 

4.4 4 

4,22 


The greater standard deviation at the younger ages for 
vocabulary is due partly to the fact that the test is not 
sufficiently difficult for the brighter adults. For the 
older persons, there is a tendency for the distributions 
to be skewed, since 120 is the maximum score, and the 
means approach 100 for superior groups of adults. 'Flic 
mean is approximately 91 for college freshmen. There 
is less deviation above the mean than he low. The skew- 
ness reduces the standard deviation, but does not cut 
down the individual differences to such an extent as to 
affect the reliability coefficients seriously, The high 
reliability coefficients show that the test has good dis- 
criminating power as far as the individuals in this 
group are concerned, 

In the arithmetic scores, the standard deviation in- 
creases with age. This is what we should* expect, us 
the increase in means is usually accompanied by an in- 
crease in standard deviation. The arithmetic tests 
seemed adequate for discriminating differences in 
ability at all levels within the group. 

Elimination of the Effects of Auk 

As a check upon the effects of the sigma score tech- 
nique in eliminating the effects of age from the scores 



RESEMBLANCES IN VERBAL AND NUMERICAL ABILITIES 59 


TABLE 15 

Correlations of Age with Sigma Sconus 



rl 

Yonnlnilnry 

r 

p.i:. 

ii 

Arithmetic 

r 

P.K, 

Hoys 

(Jirls 

Average 

MR 

157 

.0+ 

.0+ 

.in 

.055 

,05+ 

MR 

157 

.0? 

—.10 
— .005 

.055 

,053 


of the children, the correlations of age with sigma 
scores were calculated and are presented in Table 15. 
The regression of course is linear here. The correla- 
tions in Table 15 are to be compared with those in Ta- 
ble 10. It is evident that the sigma score technique has 
eliminated the effects of age from the scores on the 
tests, as far as one can expect statistical techniques to 
do it. It is likely that a belter procedure would be to 
take all the children at a given age and avoid the neces- 
sity of drawing age curves and getting sigma scores. 
However, by this method we have succeeded in our 
purpose of eliminating the effects of age, in order to 
make the scores of children of various ages roughly 
comparable. 

Summary 

The figures presented in the preceding pages of Sec- 
tion III serve to bring out these main facts; first, that 
individual differences in these test scores are enormous; 
secondly, that the factor of age cannot explain them en- 
tirely; thirdly, that sex differences are insignificant, and 
very slight in comparison with individual differences ; 
fourthly, that, in the case of adults, the factor of years of 
education hears little relation to ability in compulation 
but bears an important relation to line scores in the 
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vocabulary test. This last correlation may he due to 
the dependence of both factors upon the third factor of 
biological heredity. 

In the case of adults, the factor of age is much less 
important as far as these tests arc concerned. There is 
a sex difference; the men’s scores exhibit a slight de- 
cline with advancing age, while the women's scores 
show no such decline. 

The amount of education may have an important 
effect on the children’s scores, but the data are not well 
adapted to an exhaustive study of its effects. Kli mi na- 
tion of the effects of age has apparently eliminated most 
of the effects of school training. 

Since individual differences are very great, the tests 
highly reliable, and age, sex, and training are not 
adequate to explain individual differences, we are justi- 
fied in assuming that they depend if) some extent at 
least upon native differences. Such an assumption is 
in line with the general trend of evidence available in 
regard to individual differences, and hence seems per- 
• fectly reasonable. To assume the opposite to be true 
would be much more far-fetched, and would require 
considerable evidence In justification of the assumption. 

If these abilities are dependent mainly upon native 
endowment, it is important to investigate the relation- 
ships that obtain between related persons. At any 
event, even though one be biased in favor of a ‘'nur- 
ture” explanation, the determination of the facts re- 
garding degree of resemblance is a necessary first step. 



IV. PARENT-CHILD AND SIBLING 
RESEMBLANCES 

The fact of* resemblance between parents and their 
children can be demonstrated in two different ways: 
Hist, by correlation of scores of parents and children; 
secondly, by studying the members of successive genera- 
tions to note the presence or absence of a trait. Both 
methods arc used in this study; the second method is 
not shown at its best except where many generations 
arc available, and is used here in a modified form. 

If the traits are inherited, that fact should also show 
itself in similarities between siblings. Accordingly, in 
our study by the correlational method we present two 
types of results, correlations of parents and offspring, 
and correlations between siblings. In both cases the 
single-entry method was used in making the scatter 
diagrams. 

In calculating the coefficients of correlation, the total 
number of pairs has been used throughout. In form- 
ing a scatter diagram for a father-son correlation, for 
instance, the father’s score is paired with that of each of 
his sons. In the case of sibling correlations, the effect 
is as follows: If there are two children, only one sib- 
ling pair is possible; if there are three children in the 
family, three pairs are possible, etc. This method has 
the advantage of yielding the largest possible sampling 
from the available data, and should usually give the 
same result as other methods of pairing. 1 f there were 
many large families there might be the objection that 
those families were too heavily weighted, in securing 

C611 
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the total result, bul we do not have any extremely large 
families. If the method of using only one pair pet- 
family, or of using no individual's score in more than 
one pair were utilized, the number of eases would be 
smaller, and the probable errors of tbe obtained cor- 
relations would be larger. 

VoCAlU 'I.AUV 

The results or correlating the vocabulary scores of 
parents and children are given in Table 16 . 

In presenting our tables of correlations, we have two 
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FarhmT’Ciiiui Cohrkmi mxji row Vocahui.ary 






Afirt. 

Afu.v 


it 

«’ 

r 



Father, son 

ltd 

77 

,21 

.of. 

.07 

Father, daughter 

\\\ 

K 

,2h 

.no 

.07 

Mother, son 

m 

*« 

.07 

.no 

.07 

Mother, daughter 

136 

9 * 

M 

.05 

.06 

Mean 



.22 



Mid-parent, son 

116 

79 

.(16 

.06 

.os 

Mid'pnrcni, daughter 

114 

n 

.3H 

.05 

,06 

Like-porcOt, son 

116 

79 

.to 

.05 

.06 

Likc-parcnt, daughter 

U+ 

82 

.67 

.035 

M 

tJniike-parcni, son 

116 

79 

—.20 

.06 

.07 

Unlikc-parcnt, daufihtcr 

11+ 

82 

—.02 

.06 

.07 

Mid-parent, child 

233 

108 

.17 

.04 

.06 

Superior-parent, child 

86 

41 

.01 

.07 

.11 

Inferior-parent, child 

86 

+1 

.08 

.07 

.11 


The Inst two correlations were calculated usinK the data from the +1 
families in which one parent was above the average ami the other below. 
There were 86 children in this ^roup. The. wetter (eels that the cilwew.c 
of InisbnfliMvifc similarity in this (Troup has an i xn port u nt hearing mi the 
correlations. For further discussion of this tuple, see Section V, 

The correlations of father with son ami with daughter in the above table 
have been calculated nftcjt correcting the scores of the father* for the tdfut 
nf it£e. ff this correction is not made, the fnthcr-<mn correlation Is ,01 and 
the fathcr-d milliter correlation is ,25, 
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sets of probable errors : the one we have labelled Mini- 
mum P.E., which is the probable error usin^ n, the 
total number of pairs, is too small; the one labelled 
Maximum P.E., which is the result using n' , the num- 
ber of pairs possible without taking any individual's 
score in more than one pair, is tot) large. The true 
probable error of the obtained correlation lies some- 
where between the two values given. In each case, n 
is used to indicate the total number of pairs, and n to 
indicate the number of pairs possible without using 
any person in more than one pair. The like-parent re- 
fers to the less deviate parent, and the unlike-parent 
to the more deviate. 

The outstanding fact to be noticed is that the cor- 
relations are much lower than those usually found. 
The mean parcm-child correlation is .22 There is a 
difference between the values of the correlations of 
mother with son and with daughter, a fact which we 
cannot explain, 

The mid-parent-child correlation is .17, which is not 
significantly different from the mean of the separate 
parent-child correlations. The coefficients of family 
resemblance should he calculated separately by sexes. 
That grouping the sexes together in calculating the 
correlations of parents and children may conceal some 
facts, perhaps very important, is indicated by the great 
difference between the mid-pa rent-son correlation and 
the mid- parent-daughter correlation. The correla- 
tions of similar parent and dissimilar parent with child 
are cited for comparison with the results of Cobh, but 
the present writer docs not attempt to interpret these 
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values to support any particular view concerning the 
mechanism of inheritance. The last two correlations 
in the table are given Ui indicate that* when one parent 
is superior to the other, there is no significant tendency 
for the child to resemble the superior one more than 
the inferior one. Such a tendency might he expected 
if association caused the resemblance, as u would be 
very reasonable to suppose the child would seek assist- 
ance in lessons, etc., from the parent who exhibited 
more signs of intellectual superiority. This might be 
expected to take place especially in regard to special 
ability in some field, such as arithmetic, or vocabulary. 

Treatment of a Heu-cteu (Jiunu' 

Because of the diversity of educational experience of 
the parents, it was considered desirable to study the 
effects of selection of a more homogeneous subgroup. 
If we choose within our group a sample more homo- 
geneous as regards education, what will he the effect on 
the correlations? Only extreme cases were eliminated, 
as the number of cases does not allow much subdivision. 
Further work along this line will be done later when a 
larger body of data is available. 

In some cases a bright parent might receive a low 
score because of lack of education, caused by lack of 
opportunity to go to school. But if the parent’s ability 
were inherited, the child, having better opportunities 
for receiving an education, would score high. Thus, 
in spite of inherited ability, lack of correlation would 
result from this accident of experience. It cannot be 
denied that in the state of Minnesota (where this work 
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was done), and in many surrounding states, educa- 
tional opportunities were not as great for the preceding 
generation as they are today. Since an inherited re- 
semblance cannot cause resemblance among related 
persons unless they have approximately equal oppor- 
tunity for training, it was thought advisable to exclude 
cases in which this assumption was violated to too great 
an extent. Accordingly, all ca.ses in which the parents 
had less than eight years of education were excluded. 
One family was excluded because the parents were for- 
eign-born, and the father spent the first fourteen years 
in a foreign country. In all, families were thus 
ruled out, leaving 95 families. For this group, the 
parent-child correlations are shown in Table 17. 

The average value of the parent-child correlations 
has not been changed, in spite of the increased homo- 
geneity of the group, This indicates that in our group 
the inequality of educational experience for parents 
and their children has some tendency to cause low 
parent-child correlations. It is very possible for differ- 
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CORRELATIONS IN VoCAllU 1.AHY ScORI-S Vim PARENTS AND Cllll,- 
DIIKN IN A SUIKIROUP MORli HoMOCiliNliOUS AS RliOARDS 
Education 



n 

n ' 


Min. 

Max. 





r.n. 


Father, soil 

mu 

68 

.33 

.06 

-07 

Father, tlaunlUer 

Mother, son 

103 

75 

.21 

.06 

.07 

100 

08 

.06 

.07 

,08 

Mother, ilnuRliter 

101 

75 

.31 

.06 

.07 

Mean 



,23 



MUl'iitmnl, child 

2<M 

05 

.21 

.(MS 

.065 

If the fathers' scores are 

nut 

corrected 

for n|rc, 

the father 

-son 

correlation is .19 and (lie father- 

tlmiRlKer 

correlation 

is .14. 
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ences in experience to account fur the absence of cor- 
relation in some cases, bm there is little reason for 
believing that similarities of experience can account 
for the correlation found in most cases, unless there is 
also similarity of capacity. In other words, similarity 
of ability will result from similar training only if there 
is similarity in the capacity to pvulit from training; 
lack of resemblance in ability may result (mm lack of 
either of the prerequisites, 

The results in Table 17 are to he compared with the 
results in Table 16. In spite of the decrease in range 
in the subgroup due to this educational selection, the 
mid -parent-child correlation is higher here, and the 
mean of the parent-child correlations is the same as 
before. 

SlHMXtf COKKKLVriOXS 

Wc should expect in advance to liwl sibling correla- 
tions higher than those of parents ami offspring, since 
differences in training and opportunity are greater in 
the latter case. The resemblance between related per- 
sons which is due to innate similarity cannot express 
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Smmkg Como- uf ioxs in Voimhuuky 



u 

u' 

r 

.Uifi. 

,U«v 

P.K. 

All sihlinn pairs 

210 

HI 

.U 

.ov 

.06 

Brother-sister 

m 

70 

.31 

.06 

.117 

Brother-brother 

46 

37 

.41 

.OH 

.0') 

Sister-sister 

S3 

35 

.3.1 


.HI 

Mean 



,35 



Note: TJie single- entry ineilunl xvtm uictl, the olilcr eliiMV h-m^p l<r- 
Ing represented hv tlie ortUrtiiw nuU the ymmger i-ImIiCh Uy *l»v 
abscissa, for each respective j>nir. This mrilitnl nf iiiminu 
useil for nli whittiR correlations in thin simly. 
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itself completely unless they have approximately equal 
training. This condition of equality of training is 
more nearly satisfied in the case of the siblings, 'Fable 
IB shows the sibling correlations for the total group. 
The average sibling correlation is .35, while the aver- 
age parent-child correlation was only .22. The low- 
ness of the correlations may he explained partly by the 
fact that the subjects were highly selected. In regard 
to the parent-child correlations, we must remember 
that we have no evidence that the persons concerned 
had that equality of training which inference as to 
native similarities from correlation of abilities im- 
plicitly assumes. Our average sibling correlation is not 
far below those reported by AVilloughhy (62). 

We notice that there is no significant tendency for 
like-sex pairs to resemble each other more than unlike- 
sex pairs among the siblings. We should expect such 
a tendency to be evident if association nr similarity of 
environment were the cause of the resemblance; its ab- 
sence suggests that the similarity is probably due to 
heredity, 

The similarities here found are much like those dis- 
covered in early studies of family resemblances in 
mental and physical traits. We have seen in Section I 
that the correlations may vary greatly, although, in 
general, they tend to cluster around ,50 for both parent- 
child and sibling correlations; and that the correlations 
found in any given case must be considered in relation 
to the conditions which obtained, before interpretation 
is attempted, In comparing the correlations found in 
this study with those found in studies of random 
groups, we must be cautious and remember that we are 
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dealing here with n superior group. A hint of the 
degree of selection is given by the fact that the average 
number of years of education of the parents is \3.3 t 
which is probably live years more than the mean for 
the population at large. Such selection helps explain 
our lower correlations, 

Arithmetic Amutv 

Let us now consider the results obtained with the 
arithmetic tests. The same method of pairing has been 
used and the same notation employed. Since the ability 
of the parents is relatively unrelated to their years of 
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Parent-Child Correlations in Arithmetic 
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r 

Afirt. 

JMf. 

Afu.v 

i'.k\ 

Father, son 

11* 

77 

.111 

.Of. 

.OX 

Father, daughter 
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83 

Jll 

.Or, 
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Mother, eon 
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n 
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.06 

Mean 



.125 



Mid-parent, son 

117 

79 

.11 

.06 

.07 

Mid-parent, daughter 

U4 

82 

.27 

.06 

.07 

Like-parent, son 

U? 

79 

.57 

.01 

.05 

Likc-pafcnt, daughter 

114 

82 

.70 

,03 

-04 

U nUke-patent, son 

117 

79 

—.32 

.06 

.07 

U (dike-parent, daughter 

114 

82 

• —.25 

,06 

.07 

Mid-pai'ent, child 

234 

108 

.19 

.04 

.06 

Superior-parent, child 
Inferior-parent, child 

123 

59 

.10 

.06 

.09 

123 

59 

.04 

.06 

.09 


The correlations of superior parent with child and inferior |in rent 
with child in Tabic I? arc based on the group «f 59 fainllicx in 
which one parent was above, the avenge nnd the cither hchnv the 
average. 

Tile correlations of father wilh (ton apd cl n tt«hter ore as shown 
above when the scores of the fathers were farrcctcd for (lie cU<!« 
of aj*e. It this correction ir not mode, live father-xon cor relation 
is ,06 and the father-dnoghlcr correlation is .00. 
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education, we expect less difference to obtain between 
the total group anil the subgroup. The correlations 
for parents anti children for the total group are shown 
in Table 19. 

Again the correlations are strikingly low, even more 
so than in the case of vocabulary, The average parent- 
child correlation is .125, and the only one of any mag- 
nitude is the correlation of mother and daughter. 
However, it is to be noticed that the in id -pa rent-child 
correlation in arithmetic is .19, which is just slightly 
higher than the corresponding figure for vocabulary. 
(Difference not significant.) 


Treat m knt m« a 8 k i . rctei i ( 1 ro t j r 

In the case of vocabulary, the parent-child correla- 
tions were calculated again after excluding those cases 
where the parents had less than eight years of educa- 
tion. The same treatment is here applied to the arith- 

TAHhK 20 

Cork K cations in Arithmetic Scores for Parents a no Chil- 
dren in a S uiUiRO of More IfoMOUKNi-mis as Keoards 
K mr cation 



)} 

12 ‘ 

r 

Min. 

A /fix 





P.E. 

P.E. 

Kadi or, son 

101 

67 

.04 

.07 

.08 

I'nllie^, (In URllLcr 

102 

75 

.01 

,07 

.08 

Mollicr, son 

102 

09 

.10 

.06 

,0H 

Mother, (tim^lilcr 

105 

77 

.36 

,06 

.07 

Mean 



.127 



Mitl-jinrcni, child 

7.07 

97 

.16 

,015 

.07 


If die ncwts of (lie fat li ers are not lorrtTictl for i hr rlfci'is of «j'c, 
(lit fnllicr-siin c or re I; u ion is --.03 ami (lit fjilliiir-ilnunlilcr eor- 
relalion is — ,04. 
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1 0 

me tic data, anti, as the reasons for such treatment are 
set forth in the section dealing with vocabulary, they 
will not be repeated here, The results arc presented in 
Tabic 20. 

The numbers of cases differ slightly from those for 
the similar group for vocabulary. This is due to the 
fact that one family was not included in the vocabulary 
group because of language cl iMicu 1 ty, and because in a 
few cases a child took the arithmetic tests hut not the 
vocabulary tests. It will be noted that the results for 
this selected group are in no ease sigmlicanlly different 
from those for the total group, although the range has 
been narrowed. We had not expected great differ- 
ences to result from elimination of some of the vari- 
ability hi education, as it has previously been shown 
that the correlation of years of education of the parents 
with their arithmetic performance is slight, 

Sidling Corukutions 

In Table 21 arc the correlations of the siblings in 
arithmetic ability for the total group. 


TABUC 2( 

Sjuung Cork r cations in Aim ti i:\ii.tk* 



ir 


r 

Mm. 

/*./•. 

Mux 

/Mi. 

A.H sibling pairs 

211 

m 

-21 

.04- 

.06 

Brother, sister 

111 

70 

.17 

.01* 

.OH 

Brother, brother 

48 

38 

-21 


.10 

Sister, sister 

S3 

35 

.20 

.09 

.11 


Menu ^21 


The average sibling correlation is ,21, and (imse for 
like-sex pairs are only slightly higher than those for 
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unlike-scx pairs. No conclusions concerning effects of 
similarity of environment can be definitely reached 
from consideration of these slight differences, These 
sibling correlations arc very low; when we consider 
the selected nature of the group (our total group) , this 
fact is at least partially explained, Starch (5.1) found 
a correlation of .12 for the arithmetic ability of sib- 
lings, in one investigation, and a correlation of ,38 in a 
second (55) investigation. Lauterbaeh (30) found the 
correlations in the case of arithmetic to be .35 for 
unlike-sex twins, and .69 for like-sex twins. Such re- 
sults indicate that with less highly selected groups a 
sibling correlation for arithmetic ability is likely to fall 
between ,30 and ,40. 

Comparison with Conn’s Rksdi.ts 

In presenting her results, Cobb (8) showed only the 
correlations of the child’s score with score of like- 
parent, un like-parent, and mid-parent, A certain 
amount of resemblance in each case might be expected 
due to the selection of the similar parent. Tabic 22 
shows the results to be expected according to each of 
three hypotheses, according to Cobb. 

TABLE 22 





C'mrelaiimi 

of C'liiUl'.H score mill (hat of 



M 

iil-pnreni 

Like- parent UnliU 

i-parcnt 

No mlitriia 

1 1 IT 


.00 

.25 - 

-.25 

Inln:nunu:ir 

witli 1 

tlundini* 

1.00 

.75 

,25 

IuluTiuuu'.e 

with 

,S(l 

L .on 

.(1(1 

The results 

of th 

is study 

will be ] 

placed below for 

com- 

parison with the 

results t 

i.vpectcd 

according to the 

th rcc 
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TABLK 2.1 

Correlation of child's *rotc with ore of 


Cabb'a results; 

Miil-parcnt 

I.ilir-pamu 

OnHltc-jvarcm 

Arith. absolute ahilitv 

.32 

.St 

,0H 

Aritlt. relative ability 

Our results: 

.-19 

.Ml 

.13 

Vocabulary 

,22 

.VI 

■ -.11 

Arith. absolute ability 

.2(1 

.M 

- -,2K 


hypotheses. The correlations were originally ubtaiaed 
separately for the sexes (sec Tables 16 and 19), but the 
averages will be presented in Table 22. It will be re- 
membered that the tests used by Cobb were not the 
same, but were of nature similar to our arithmetic tests. 
It is evident here that there is a strong tendency for the 
children to resemble one parent considerably more 
than the other. This fact of resembling but one parent 
is not due to association with the parent of like-sex, as 
the less deviate parent is sometimes the father, some- 
times the mother, irrespective of the sex of the child 
under consideration. The great difference between the 
correlations for like~parcnt and for uni ike-parent is 
possible because of considerable independent variation 
on the part of the two parents. Cobb has estimated 
that chance factors would lead to a positive correlation 
of .25 for child and similar parent, and a negative cor- 
relation of — -.25 for child and dissimilar parent. 

We do not have at hand the data to explain the re- 
sults completely, but it seems clear that the results 
obtained in this study are similar io those obtained by 
Cobb, whether we consider arithmetic only, or whether 
we consider vocabulary. Cobb concluded that the data 
best fitted the results expected according to the third 
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hypothesis. It is likely that those theoretical expect- 
ancies arc unsound, and represent a gross over-simpli- 
fication of the whole situation. The results are 
presented here as empirical facts of interest, without 
interpretation in regard to mechanisms of inheritance. 

Turkic Types of Matings 

It is possible to divide the data into three obvious 
classes, according to degrees of possession of the ability 
on the part of the parents. The data for vocabulary 
will be presented first, in Tables 24 and 25. 

TAHLK 24 
Vocabulary 


Un.sc \. Ruth parents nlmyc the nv, -17 familicd. 98 child mi. 

Case 2, One nlmve iiv., oik l\clovv, 41 families. 80 children. 

Case 3. lloil] parents below (lie nv. 2(1 families. 46 children, 




Parents 

Chile! 

ren 

Mill 

-narcmsi 



Mean 

S.D. 

Mean 

.V.D, 

Mean 

,V./3. 

Case 

[, 

S6.K 

3.03 

S3J 

9.0 

56.H 

2,3 

Case 

2. 

47.8 

10.3 

48.6 

10.1 

■17.8 

4.6 

CnNe 

3. 

39.3 

9,0 

*17.9 

J09K 

39.3 

6.6 


Careful study of Table 24 indicates a slight tendency 
for the variability of the offspring to be related to that 
of the mid -parent, as well as for the level of ability of 
the offspring to resemble that of the parents. The fact 
that we are dealing here with a selected group makes 
it all the more significant that the ability of the chil- 
dren in each of the three cases deviates from the mean 
in the direction we should expect il the ability is in- 
herited. The results of further treatment of the data 
thus classified are summarized in Table 25. 
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TAHLK 

VocAnuj.AKv 



Cane 

1 

(\i*r 


C 

Sl«r 3 


Nn. 

i t J ft 

No. 

f ' 

No. 

1 1 

i 

Children nbovc nv. 

07 

ftX.l 

42 

•o.s 

21 

45.6 

Children below av. 

31 

31.0 

44 

.51.2 

25 

54.4 

Families having: 

All children above nv. 

29 

ft 1.7 

12 

2 '1.3 

ft 

3ll.ll 

Some above, some below 

U 

23 + 

15 

J n. ft 

HI 

5H.li 

All children lidow nv. 

7 

14.9 

14 

34. 1 

4 

20.0 


Families wiih 2 or more 
children with: 


All children above nv. 

16 

51.6 

X 

2U» 

3 

17.7 

Some above, some below 

11 

35.5 

15 

■16.9 

III 

5,1.8 

All children helow av. 

4 

12.9 

9 

28.1 

4 

23.5 

Families with 3 or more 
children with: 

All children nlnjve av. 

ft 

35.3 

i 

lft.fi 

n 

0. 

Some above, some below 

8 

47.1 

H 

66.7 

h 

US.7 

All children below av, 

3 

I7.fi 


lfi.7 

i 

14.3 


This table makes possible a large number of compari- 
sons, and they are rather consistently in line with the 
theory that the ability is inherited. There are, how- 
ever, a few reversals. Of course, the fact that a family 
has all children superior, etc., is more significant if it is 
a large family, but the numbers of cases are smaller for 
the larger families. The percentages in 'Fable 25 are 
more suitable for comparisons than are the mere num- 
bers of cases. It is plain that in Case J, where both 
parents are superior, there are more superior children 
than in Case 2, where one parent only is above the 
average, and that Case 3, where both parents are in- 
ferior, produces the smallest proportion of superior 
children. The differences are slight, but the general 
trend is clearly marked. 
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Arithmetic 

The data for arithmetic Iiavc been classified in the 
same manner, with the results shown in Table 26. 

TA1H/K 26 

Aiutiim me 


Case 

I. 

Both 

list rents 

above the av. 

18 families, 41 

children. 


Cast 

2. 

OlIC 

above nv., otic below. 

59 families, 123 

children. 


Case 

3. 

It nth 

parents 

below the siv. 

31 families, 67 

children, 





Parents 

Children 

Mid- 

-parents 




Mean 

SJJ, 

Mean S.f), 

Mean 

ti.D. 

Case 

1. 


58.5 

S.l 

SLR 8,45 

58,5 

3.2 

Case 

o 


SI. 2 

8.6 

50.0 8.44 

51.2 

3.6 

Case 

l 


4U 

■1.9 

47.8 9.3 

43.3 

3.2 


The level nf ability of the children in each ease par- 
allels that of the parents, hut the children are least 
variable in Case 2, where the parents are most variable 
(one parent above the mean and the other below), The 

TAHLK 27 
Aiutiim me 

Case 1 Case 2 Case 3 



No. 

7 <> 

No. 

7 » 

N u. 

7 * 

No, of children above av. 

22 

53.6 

61 

•19.6 

24- 

3 5.H 

No, of children below av. 

19 

46.3 

62 

50.4 

4 3 

64.2 

No. of families with: 

All children above nv, 

5 

27.8 

20 

33,9 

4 

12,9 

Some above, some below av. 

8 

44, -I 

20 

33.9 

12 

38.7 

All children below av. 

5 

27.8 

19 

32.2 

15 

48.4 

Families with 2 or more 
children with: 

All children above av. 

4 

26,7 

11 

26,2 

2 

8.7 

Some nliovc, some below av. 

8 

53.4 

20 

■17.6 

12 

52,2 

All children below nv. 

3 

20.0 

11 

26.2 

9 

39,1 

Families with 3 or more 
children with! 

All children above av. 

2 

31.3 

2 

10, 5 

l 

8.3 

Some above, some lit low av, 
All children below av. 

3 

5(1.0 

11 

57,9 

X 

46.7 

1 

16.7 

6 

31,6 

3 

25.0 
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differences are not great, but they come out in the ex- 
pected direction. The results of further analysis of the 
data according to this division arc presented in Ta- 
ble 27. 

The trend of these comparisons is dearly marked. 
The proportion of superior children to inferior chil- 
dren is largest in Case 1 where both parents are su- 
perior, intermediate in Case 2 where one parent only 
is superior, and least in Case a where both parents are 
below average. 

This indicates that ability in arithmetic depends 
upon some inherited basis. Under the circumstances, 
where classification is so difficult, and where the group 
is so select, it is all the more striking that the differ- 
ences should conic out in the expected direction, We 
know nothing of the genetic constitution of the parents, 
who are classified according to degree of possession of 
the character. Moreover, the classification is ar- 
bitrary, anyone above the average being classified as 
superior, and anyone below the average as inferior. 
Much of the overlapping is due m the fact that many 
cases thus classified arc very close to the average. 
Where the parents arc really mediocre, the chi hi ten 
are likely to be. A better test would he performed by 
considering only cases where the parents deviated 
from the average by at least one standard deviation, 
but to do this would require a considerably larger body 
of data. We are impressed by the fact that under such 
adverse conditions the percentages of superior chil- 
dren come out in the expected directions with such 
consistency. Although the number of eases is too small 
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in each of our classes after such subdivision to allow us 
to speak with any great certainty, yet the fact that the 
tendencies of results are generally as expected supports 
the theory that the ability is inherited. 

Si/mmakv ok Suction IV 

Although the correlations found in tills study are 
considerably lower than those usually found, yet there 
is definite evidence of resemblance between parents 
and children, and between siblings, both in arithmetic 
and in vocabulary. For each type of ability the aver- 
age parent-child correlation is approximately half as 
great as the average sibling correlation. The correla- 
tions for arithmetic are approximately two-thirds as 
great as those for vocabulary. The conclusion that the 
similarities found are due to inheritance is supported 
by the results of study of the three classes of matings. 

The fact that the correlations are lower than those 
usually found we do not interpret as an indication that 
these traits are inherited to any lesser extent; instead 
we believe it to be due to some selective factors affect- 
ing the data. Our group is certainly very homo- 
geneous when compared with the general population, 
and this would tend to lower the correlations. Fur- 
thermore, if we should be dealing not only with a 
condition of relatively great homogeneity, but also 
with a peculiar sampling of parents in the sense that' 
the husband-wife resemblance is unusually low, then 
the trend of our results might he more readily under- 
stood without prejudice to the probable truth of the 
heredity hypothesis. The whole question of marital 



78 


OGNBUti I'SVCIIOLTKiV MONUUKAl'ItS 


resemblance (assn native mating) thus becomes crucial 
in the interpretation of the eoeflieicnts of resemblance 
reported la this section. 



V. MARITAL RESEMBLANCE 

There are three possibilities with regard to re- 
semblances between husbands and wives: they may be 
unlike, due to a tendency for opposites to be attracted 
to each other; they may be similar, due to a tendency 
for like to mate with like (homogamy) ; there may be 
no correlation present, either positive or negative 
(random mating). 

Studies of marital resemblances have almost always 
shown that the second condition is present Husbands 
and wives are similar, in most physical and mental 
traits, as pointed out in Section L 

The facts of marital resemblance obviously are re- 
lated to the question of parent-child and sibling re- 
semblances. The parents both contribute to the child’s 
make-up. If the parents are alike, the child receives 
inherited qualities which cause him to resemble each 
parent more than he could if they were unlike. Ellis 
(10) points out that the degree of similarity of the 
parents has an effect upon the parent-child resem- 
blance. In this study we should expect lids fact to be 
particularly significant, as the selection of the cases was 
determined largely by the traits of the parents in one 
respect. The extent of husband-wife resemblance may 
help to explain the general trend of our correlations. 

Since in both vocabulary and arithmetic we found 
the child resembled the less deviate parent quite 
closely, and was not at all like the more deviate parent, 
we are let! to believe that the parents must be rather 
dissimilar in a great many cases. Let us consider the 

[ 79 ] 
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resemblances of the parents as indicated hy the eorrcla- 
tions between sigma scores (if husbands and wives. Kee 
TabteZB. 

TAHItK 2H 

liUjillANn-AVlM' COHRI t, A l IMS'S 



n 

i 


Arithmetic, total group 

i»k 

- ..hi 


Vocabulary, total group 

Vocnhulnry subgroup ii) which nil 

1 OH 

.21 

.Ml, 

have 8 or more yr*. etjuc. 

95 

.05 

M7 


At once we see that these correlations are very low. 
Only one approaches even the low values found in 
early studies of physical traits. None is nearly as 
high as the values found In recent studies of mental 
test abilities. 

No doubt this fact lias some bearing on the amount 
of resemblance between parents and offspring and be- 
tween siblings. In our group there is a goodly pro- 
portion of families in which one parent is relatively 
superior and the other relatively inferior. In such 
cases the child can resemble one parent or the other, or 
be halfway between, but cannot resemble both parents 
closely. This necessarily results in a lower mean 
parent-child correlation, Undoubtedly it also affects 
the sibling correlations, for, if one child resembles one 
parent at random more than the other, and his sibling 
may resemble only the other parent, the two children 
will not resemble one another as much as ordinarily* 
even if all the resemblance is due to inheritance. If 
there is resemblance due to inheritance, we expect this 
condition of Jack of resemblance between the two 
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parents to lead to lower sibling correlations and lower 
parent-child correlations. 

In arithmetic die mean parent-child correlation for 
the total group is .12, and in vocabulary .22. The mean 
sibling correlations are .21 and .35 respectively. 
Although die differences are not great, in both cases 
they are in the same direction, and the higher ones 
are in vocabulary, where the coeflicient of marital 
resemblance is somewhat higher. Although these dif- 
ferences could result from other causes* it certainly 
favors the theory that the resemblance between the 
parents has an effect on the resemblances of related 
persons within the families. It is to be kept in mind 
in connection with this discussion, that both tests have 
unusually high reliability coefficients. 

The. scatter tables for the correlations between par- 
ents exhibit interesting and important facts bearing 
on the results of this investigation. In arithmetic 
(Figure 2) the diagram is just an ordinary scatter 
diagram exhibiting a slightly negative correlation. In 
vocabulary (Figure 1) it is unusual; there is a cluster- 
ing of dots in the upper right quadrant, when the tabic 
is divided by the lines of means. This tends to cause 
positive correlation, but the lower right and upper 
left quadrants also contain a considerable number of 
plotted points, tending to cause negative correlation. 
The lower left quadrant shows a conspicuous absence 
of plotted points in the center, where one would most 
expect to find them, and this, of course, tends to lower 
the correlation. T f we stop to consider what this means, 
it reveals some very important facts. We have many 
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cases where both parents are superior, a cnnsiderahlc 
number where one is superior ami one inferior, and 
very feta where balk are inferior . In fact, although 
there are some dots scattered around the edges of the 
quadrant, there is not one ease where both parents are 
typically inferior so that the dot would fall near the 
center of the lower left-hand quadrant. 
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FIGURE I 

Marital Res em blanch in Vocarulaiiy 

Tire scores of the husbands nrc the ordinates of the iilotleil iioinis, mul 
the scores of the wives are the abscissae. The number in curb cell is the 
number of cases falling in that cell. The menu score for the wives i» 92.9 
imd for the husbands is 90.]. The correlation is .21. There is a unmounted 
absence of cases where the scoreN of both hush and ami wife nrc very low. 
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Aritlmieiir Hi’ures of Wives 


VUiUKE 2 

Marital Risumiu.anck in Arithmetic 

The scores of the liuslinnris are flic onNnnlcs of the p lolled points, ami 
the scores of the wives are the abscissae. 'The mimlicr in each cell is the 
number of cases fallliiK in thru cell. The mean score for the wives is 8.68 
aiul for (lie husbands is 13.38. The correlation coefficient is — .03. 


This is clue, no doubt, to the selection of the eases, 
which is affected by a number of complex factors. In 
addition to the cases where the families refused to take 
the test for reasons apart from their ability, it leads us 
to expect that the families who refused were those in 
which both parents arc inferior. I'll is does not sup- 
port the hypothesis presented by others, that the cases 
lost arc those where one parent is unlike the other, It 
is likely that in these families, which are representative 
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of successful marriages, one patent can be influenced 
by the other to n considerable extent. If both are dull, 
they agree not to bother with the tests, as neither wishes 
to reveal his inferiority; if both are bright, they agree 
that it would be interesting, and they cooperate. If 
one is superior, the other lacking in intellectual ability, 
the former is able, apparently, to persuade the latter 
to take the tests. 

This conclusion is supported by evidence from the 
experience of the writer. An attempt had been made 
to get cases by having students in psychology courses 
bring their brothers and sisters and their parents to the 
school to be tested in a group, but this bad failed. The 
method then used was that of individual testing of 
families at home. A few cases were, of course, easily 
available, consisting of families who were known by 
the writer or his friends; from these a list of families 
likely to cooperate was obtained, and each family 
tested contributed some additions to the list. First 
approaches were made by telephone calls, as early ex- 
periences seemed to indicate that the best results were 
to be obtained in this way. Frequently, when cases 
were suggested for me to test, I would be advised to 
approach a particular one of the parents, by such a 
statement as “The husband wouldn’t he interested, but 
if the wife agrees to do it he will do it too,” or “The 
wife is never home, but if you get the husband at his 
office when he isn’t busy he’ll make the arrangements, 
and anyway he is more likely to be enthusiastic about 
it,” etc, Such advice was always carefully followed, 
and the appeal made to that parent most likely to be 
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interested. The person tested usually talked the mnt- 
ter over with their friends, and this aided considerably. 
A small number of cases was secured which the writer 
feels sure would never have been tested if the other 
parent had been asked in the first place. The appeal 
was made to the mothers in the majority of cases, be- 
cause they were usually easier to reach at home. This 
has produced no obvious effect on the general results, 
as the men are not significantly inferior to their wives 
in vocabulary, and are superior in arithmetic. It 
might conceivably have something to do with the sex 
difference in the decline which takes place with in- 
creasing age. If we assume that selection took place 
on the basis of intellect, which would he more ade- 
quately revealed by the vocabulary test than by the 
computation test, it becomes desirable to analyze Lhc 
discrepancy cases. There seemed to he no consistent 
relation between the parent who was first approached 
and the parent who is superior. Ln a large number of 
eases, due to their having talked the matter over pre- 
viously with their friends, it was impossible to say 
which member of a family probably was most in- 
fluential in making the decision. Evidently, in order 
to get a family to take the tests, the necessary condition 
is to have at least one person in the family who is 
sufficiently interested to urge the other members to 
take the tests. There are more cases lost where both 
parents arc below average than where there is a dis- 
crepancy. The selective factor, however, may go hack 
even further; perhaps the families were recommended 
if one or both of the parents are superior, hut rarely 
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when both arc inferior. This loo seems likely, ami a 
combination of these several factors probably opera toil 
here. The true correlations between married pairs 
selected at random from the population would cer- 
tainly be higher than those obtained in ibis study, for 
vocabulary nt least. 



FIGURE 3 

Marital RtsfiMtiLANtu-: is* Ac a 

The ages of the Iniuhnndtt nrc Hie ordinates of die plotted points, and the 
fttfcs of the wives nrc the al»rinai>. The number in each cell is the number 
of cases fnllinp in dint cell. The mean n«e of the hmdinmU is -I'M! and of 
the wives is +5.8. The correlation coefficient is 
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For In rtlicr ennsi do rat ion, let us turn to the correla- 
tions shown in Table 29. 

It will be noted that these correlations for vocabu- 
lary and for arithmetic obtained with raw scores are 
almost identical with those reported in Table 28 for 
sigma scores. This is to he expected if no errors arc 
made in the process of getting sigma scores, since in 
the ease of adults the sigma technique was not com- 
plicated by the elimination of any age factor. 

In mating, there is evidently no selection on the basis 
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of arithmetic ability. One might, however, expect 
some similarity due to relation between arithmetic 
ability and other mental traits. Still, we are nut led 
to expect very high correlations, since ability in the 
fundamentals of arithmetic is mu highly correlated 
with linguistic intelligence (see 47), and within this 
highly selected group there would probably be almost 
no correlation. 

The correlation for ages of husbands and wives 
agrees very well with the result found by Lutz (31). 
In the present study we have a sample of parents who 
have children at least 12 years of age, while Lutz dealt 
with a large group of young married couples. Of 
course, one expects a high correlation for age, as there 
are definite, socially recognized reasons for marriage 
of people of similar ages. Moreover, associations in 
school, at social affairs, etc., cause one to have more 
friends of the same age, 

We might have expected more resemblance as re- 
gards years of education. Goodcnmigh (IK) found 
correlations between education of the mother and that 
of the father averaging .725 for the parents of pre- 
school children. The difference is probably due to 
the narrow range of ability in the present study, plus 
the selective factors involved which apply specially 
to the husbands and wives, as discussed above. One 
would expect to find values very high in general, for 
unselected samples, due both to the unconscious selec- 
tion of a mate of similar socio-educational status, ami 
to the fact that people have more acquaintances among 
those of the same guide in school, and more within the 
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same school system, than in all grades and all schools 
at large. 

It is an interesting fact that the graph in the case 
of vocabulary exhibited the results of selection more 
than did the graph for years nf education, or any of 
the others, The fact that the evidence of selection 
shows up more in the graph for vocabulary may be 
related to the fact that vocabulary tests are very good 
measures of abstract intellect, It may also be due to 
the fact that persons with low vocabulary scores have a 
handicap of which they are more keenly conscious than 
arc persons who are inferior in some other respect. 
Vocabulary tests measure abilities which enter into 
activities of everyday life to a considerable extent, 



SUMMARY AND CONn.VSIONS 

CJKxi-iui. srn?ATi(»\ 

Vocabulary ami arithmetic tests wvic given U\ a 
group of subjects including I OH families in which both 
parents and one or more children were available. A 
wide range of ability is shown by the scores of lmth 
parents and children. Individual differences were 
very great, and the reliability cocllicients were very 
high. 

There have been numerous studies of the resem- 
blances of siblings, but unt nearly so many studies of 
resemblances between parents and offspring, and in 
only a few of the latter are there any results on the 
resemblances of husbands and wives. In order to ar- 
rive at any adequate understanding of the facts of 
resemblance and their probable causes, we need a vast 
accumulation of evidence cm all these problems, ob- 
tained from all kinds of groups of subjects, and under 
every type of condition. Moreover, we need such 
data with regard not only to abstract intelligence, but 
also with regard to each possible type of special 
ability. 

There arc studies showing correlation coefficients of 
approximately .50 for parents and children, where the 
groups are relatively unselectcd. There are also a few 
studies showing higher correlations where extremes of 
the population have been grouped together, and lower 
correlations where the range of ability is more narrow. 
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However, these last-mentioned studies are not very 
numerous, and are mostly concerned with sibling 
resemblances; there are few studies of parent-child 
resemblances in such situations. 

Many problems of daily life are met with in dealing 
with special groups, and it is undoubtedly important 
to know what results will be obtained in dealing with 
selected groups. In order for the chain of evidence to 
be complete it is necessary to know the resemblances 
which exist between related persons under all sorts of 
conditions of selection. We do not doubt that inheri- 
tance is present in all such cases; we may find out im- 
portant facts about our methods of determining its 
extent, if we apply those methods under varying con- 
ditions. 

The present study is based on a group of subjects 
very superior to the general level of the population, 
and yet showing considerable variation among individ- 
uals. Two types of test were used, verbal and numeri- 
cal. If we find evidence of similarity between related 
persons with the range of ability thus restricted, the 
results are all the more important. In such a group 
the siblings at least have more equal opportunities for 
dcveloping their abilities. With the range thus re- 
stricted, the coefficients of correlation must be lower, 
and hence the values found rei]uire a different inter- 
pretation. The resemblance found may be attributed 
to inheritance, since here there are very few who are 
deprived of the chance to get training, and similarity 
of training causes similarity in individuals only if they 
resemble each other in natural capacity. There is no 
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evidence to indicate that anything but extremely had 
conditions of environment is effective in preventing 
the development of superior individuals; here the ex- 
tremely unsatisfactory environment is not a factor, at 
least where the siblings arc concerned. 

The correlations between parents and children and 
between siblings were all very low. It is likely that 
this is due to the fact that this group of subjects is 
highly selected and superior. The selective factors 
affecting the collection of the data are no doubt the 
main cause of absence of higher correlations, We are 
forced to conclude after analysis of the data that there 
is present a considerable resemblance between siblings 
and between parents and offspring, but that the correl- 
ations are not as high as are usually found, and this is 
exactly what wc should expect to find under the present 
conditions. It seems probable that this resemblance 
is due to hereditary capacity, as the results of correlat- 
ing scores of children with those of like-pa rent, un- 
like- parent, and mid- parent arc not easily explainable 
on the basis of training. Moreover, the percentages 
of superior children resulting from matings of two 
superior parents, two inferior parents, or one superior 
and one inferior parent, arc such as to support the con- 
tention that the abilities are inherited. 

Specific Results of the Investioattox 

1, There is a slight decline in ability with age, on 
the part of the husbands, indicated by correlations with 
age of — .25 and — ,24 for arithmetic and vocabulary, 
respectively; the corresponding correlations for the 
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wives were .09 and •• - .01, respectively. The husbands 
range in age from 37 to 66 years, and the women from 
3J to 62 years. 

2. There is a negative correlation of age with years 
of education of - .17 for the men, and • -.16 for the 
women. This is probably due largely to the fact that 
educational facilities were less widespread the farther 
back wc go in the history of the community. The men 
report from 4 to 22 years of education, and the women 
from 6 to 17. The average for the men is 13.6 and for 
the women 13.0. 

3. The age of the children is an important factor 
in ability on these tests. For boys, the correlation be- 
tween age and vocabulary is .73 for eta, and .62 for r. 
For girls, the corresponding values were .65 and .59, 
For hoys, the correlation of age with arithmetic was 
.53 for eta and ,47 for r; the corresponding values for 
the girls were .36 am! .23. The increase in scores with 
age seemed to extend up to age twenty. Part of this is 
likely due to education and training, 

4. There arc no significant sex differences among 
the children in vocabulary or in arithmetic ability, 
although there is a slight superiority on the part of the 
girls in both. In the case of adults, the males arc 
significantly superior in arithmetic ability, which fact 
is probably due to differences in practice. In vocabulary 
the women are slightly superior, hut not significantly 
so. The men appear to be die more variable. 

5. Years of education of parents is not very much 
related to their arithmetic ability, the correlation being 
—.05 for the men and .28 for the women. In vocabu- 
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lary there is a marked correlation fur both men and 
women, the values of the correlations bring .53 fr>r the 
former and ,49 for the latter. This may be partially 
due to dependence of years of education and vocabu- 
lary upon abstract intellect. 

6. In the case of the children, years of education is 
correlated .73 with vocabulary raw scores, and .465 
with arithmetic raw score. With the effects of age 
eliminated, these correlations are reduced to .22 and 
.12, respectively. This vocabulary lest (reliability 
above .90) would undoubtedly correlate rather high 
with a lest of intelligence, but the compulation test 
probably would not. This indicates that the ability 
measured by the computation test is perhaps less a 
function of training than is ordinarily supposed, Since 
the computation test has a reliability above .90, and 
it has an average correlation of only .31 with the vocab- 
ulary test, the indication is that the two tests measure 
independent capacities, The available evidence sug- 
gests that computation is a special ability. 

7. There is a slight resemblance between husbands 
and wives in vocabulary, ns shown by a correlation of 
,21, but none at all in arithmetic ability, as is indicated 
by a correlation of - -.04. This is probably an im- 
portant factor in explaining the cocHicieiUs of resem- 
blance found between parents and offspring and 
between siblings in hoth types of ability, 1 

8. The average sibling correlation is ,35 for vocab- 

l For evidence that the marital eoeflideius uft'm nil familial co- 
efficients, sec references in the hihl)»i«ru(>!iv to the uuirhv. by Jours 
(29) and by Fisher (13), 
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ulary, and .21 for arithmetic. The correlations found 
in this study are all low, clue to the homogeneity of the 
group (relative to the population as a whole) and to 
selective factors operating in securing the data, but the 
fact that they are higher in the case of vocabulary than 
for arithmetic suggests that associative mating, which 
is likewise, mure pronounced in the case of vocabulary 
than for arithmetic, is playing an important role. 1 ~ 

9. The average parent-child correlation is .22 for 
vocabulary, and .12 for arithmetic, but these values 
are deceptive. In vocabulary the average correlation 
of parent with son is .14, and of parent with daughter 
is .30; in arithmetic, the correlation of mother with 
daughter is .24, and the other parent-child correlations 
are considerably smaller. Rather than accept average 
values, since the various values are so different, the 
reader should consult Tables 16 and 19. The mid- 
parent-child correlation is .17 for vocabulary and .19 
for arithmetic. 

10. There is a pronounced tendency for the child to 
resemble one parent more than the other. The average 
correlations arc shown in Table 30. 


TABLE 30 



Correlation of child 

will) 


Mid -pa rent T .ike- pa rent 

ITnlike-pnrcnt 

Vocabulary 

.22 .5+ 

— .U 

Arithmetic 

.20 .64 

—.23 


Sec Table 22 for Cobb’s (8) estimate of the correla- 
tions to be expected here by chance if there were nn 
inheritance, The correlations in Table 30 arc the 


•'See fnolitotu 1 on paRu 94. 
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averages of the values obtained (nr buys and girls 
separately. The results are dillWull in interpret, but 
probably the great difference between correlations for 
like-parent ami for unlike-parcnt relleets m a certain 
extent the fact of imlepemteni variability of the par- 
ents. The tremendous variations in ability among 
siblings are perhaps partly due to this fact also, and on 
account of both these facts we are led to place emphasis 
upon the mid-piirent-child correlations as the best 
measures of the parent-child resemblances. It is 
probably significant that in the case of arithmetic the 
mother-child correlations are the higher, and the 
mother’s ability is supposedly less a result of unnatural 
stimulation through occupational elTecis, 

11. Matings of two persons both of whom are su- 
perior in these tests produce more children who are 
superior in these test abilities than do matings of two 
people either or both of whom are inferior in these 
test abilities. When the parents were arbitrarily 
classified as superior when above the average, ami in- 
ferior when below the average, the matings could be 
grouped into three classes. Those where both parents 
are superior should produce the most superior chil- 
dren, if the abilities are inherited. Those where one 
parent is superior and one inferior should produce 
fewer superior children, and those where both parents 
are inferior should produce least superior children, 
Classification of the children for each of these cases 
revealed the fact that the differences came out in the 
expected direction and the results were rather con- 
sistently in line with the theory that the abilities are 
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inherited. Thi> was true n{ both types of ability 
studied. 

Cacsk in- tiip. RrsKMhUNU'S Found 

No particular attempt has been made to evaluate 
the el frets n( nurture. "Nurture" arguments have been 
used h y sonic workers to explain the presence of 
similarity between related persons; they might con- 
ceivably be used to explain absence of similarity. The 
type of argument usually set forth is inadequate to ex- 
plain either; (hat which explains too much explains 
no thing. 'Hie more sensible course is lust to demon- 
strate the existence of similarity, measure its extent, 
and then search for specific factors in the situation 
which contribute to the result. Knvimnmcnt as a gen- 
eral term is vague; we need studies to demonstrate the 
cited of specific environmental factors upon coefficients 
of resemblance. Such things as parental supervision, 
school advantages, association with friends of different 
types, influence of community lived in, and effect of 
changes of environment should he made the subject of 
special study. Kvidcncc such as is at present available 
indicates that the effect <if environmental factors is 
probably slight compared with the effect of hereditary 
factors. In all probability the effect upon ability-level 
varies with the type of performance; the effect upon 
resemblance is another thing, and a more complicated 
one, involving the natural make-up of the reacting in- 
dividuals. Separation of the effects of environment 
and heredity as if they worked in opposition is arti- 
ficial ; analysis to determine how various conditions af- 
fect their inter- relationship is much to he desired. 
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In this study we have demonstrated the existence of 
resemblance between siblings, and between parents and 
offspring. Wc have shown that matings of superior 
individuals tend to produce superior children, and that 
matings of inferior individuals tend tn produce in- 
ferior children, when the parents and children 
are classified arbitrarily as superior when the score is 
above the average and as inferior when the score is 
below the average. We believe that such results are 
largely due to heredity, hut an explanation in terms of 
nurture is of course a possible alternative. 

In searching for specific conditions to explain the 
fact that our correlations are low, we have found two 
main ones: first, the relative homogeneity of cite 
group; secondly* the selective factors affecting the col- 
lection of data on particular types of families, which are 
reflected in the absence of a high degree of usso native 
mating. We have every reason to believe that these 
abilities would exhibit much higher correlations be- 
tween parents and offspring and between siblings if a 
random sample had been secured. The correlations 
discovered represent minimal values, and further study 
in which these difficulties arc removed will probably 
support the view that these mental traits are inherited 
to the same degree as arc physical trails such as stature. 
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LES HESSKMHLANCKS FAMI1.IA1.KS HAN’S LES t'AI'ACITES VFIR- 
HAI.es ET NU.MEKiatJES 
(UcMiine) 

On fi fail subir tics tests dr vni’tibulairc cl ties irsi-t dr rnlvtt I ft 10S 
families (21ft parents, 230 ciifalMs). Eh I'nhsliihrr de rha*|»t’ trftl ri etc plun 
(lc 0,90 pour les parents cl It s clifaiilH dans I rn Rimipr* lininiiRriH’S dr menu: 
fi(r C> un doiiiic des icnioiKmqtf'* '|ui mniurriii <iue les deux types dr rap, trite 
sont rcliui vcuiciit iiulqiciidiuii^ Ea I'apaiiic dr rnlml n'a iiu’imc prtin 
confelniwit avte rmudltunwc el swwWc desdnppce ni Vtmt'dv \ va \\\ v . 
nu moyen dc J'ent raidcmeiit ftM fuel ; les tests dr voralnilaire stmt do lumiics 
mcsurcs dc 1‘iiiiclliRcnce, cl la oa panic est tlcveloppce dune manierc <li f- 
fc rente, 

Dans les ileus types dc rcrulenuiit les pert* mil mniilrc mi ,il>nir»scmciil 
considerable avee I'uRe ; leurs fctimtcK n'uwi inmitrc annul nbaisMuiu'iu 
s emit la Me. four les deux cajoiriie*, les result,' a I* des enfant* »iii eu line 
correlation nssez elevee avee I'nRc et I'niilicc scolaire; ipiaiul les rcsultuls 
ont etc corri^s pour I’Arc, la corrilniinil avte l’ all nee Multure a etc ires 
petite. I.c nnmlirc d’nnnees d’ensciRiicmem ties pores uni eu tine cor re In 
tioti dc — 0,()S avee lc rctuletucui dc ealail, cl de (l, S3 avee le rciidemctu do 
v oca hit l.i ire; pnur les meres les nirrtHaiiuns out etc dc (l,2X et tie <1,49 re- 
speciivemcni. II u'a eu annines diHercnrcs hiRnilin tiles dc sexe entre Ich 
cnfanls, mats les peres uni cti‘ ires (uipfirieors a leurs (riltiilcs en calcul. 

Lett rc.stiltiUH ties peres, el ceux des enfants, urit iltc corri^cs pour les 
diets d’anc. Les correlations tie ecs icxiillnis des parents ci des cnfanis urit 
donn<5 tine nioycnne de 0,22 pour lc vncaluilaire, et dc 0,125 pour It calcul, 
qiiclrpic.H valeur.s claiit plus clove Cs ipic d'nutrcs, Les correlations elttrc Its 
cnfnni.s ilc mimes parents out domic tine moyenne de 0,35 pour le vornltu- 
!n ire, el dc 0,21 pour lc calcul. Pour les deux types dc reodtinelti, line pips 
grande rc.sscinblnnrc dc I'cnf ttiil avee I'lin des iiarcnls tpi'fivcr I’nuirc n cir: 
indiipnlo, Minis les tecliriit|UCH pour I'evnliKiiion do res renu liars se sum mini* 
trees insullisantes, Ouninl les nmrifiit iml etc cl mod lies en trois troupes (les 
deux parents tutpemurs ft la mnycmie, l'un snpcricur ct l 1 mure infiricur, 
ct les deux infcricurs), les rcsulinis des cnfanls out immire mi Icartemciu 
scmldnble A cclui nttendu scion riiyptultcsc dc I’lierfilitc. 

Les vn leurs des correlations sont consitlerdes minimes, puisijiic leu stijeis 
out cti an troupe supdicur, d lies fncleurs de selection nut operd pour pro- 
duirc un groupc dc parents nil le dcRri des epmix nsstmis a cift nmins elcve 
((ii’ordiimircment. Les correlations entre les maris ct les femmes out ctd- 
de —0,04- pour le cnkttl, et de 0,21 pour le vacnhulnirc, 

II pnrnit que rincRciliiA dc rnppnrtuniic ct dc rcntinincniciH entre les 
mcinlireN tie In mime famille tend ii reduire les ressemhlanccs entre les 
parents ct les c til ants. Oil il ex isle I’cRalitc dc I’oppcuUinilit cmnmc entre 
les cnfnnts, les rcsscmldanccs out itc plus Rrandcs, II y a de Rrnmlcs dif- 
ferences individucllcs dc cnpacite, ct den rcsscmldanccs famili tiles precises. 
L’autcur croit que ccllcs-ci uni line base native, main il emit (|ue des inves- 
tigations tics cITets des fncicurs s]i6cifi(|iies du milieu sont nccessnircs, si 
I’on doit sparer lea elfcts dc naltire elocux dc uuurriiuie. 
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FAMILIENXNLICUKEITEN IN HKZIH1 APK FAllKiKKlTKN F(!H 
WftHTtiK UND ZAUI r.N 
(Kcfcrai) 

Ea wurtlcn 108 Pamilien (216 F.Ucrn, 230 Kinder) mi* WmOrhat/priif- 
imucn nod Rcchciiaufgnlicil gepnif*. Die Xiiverlasogkril jrilrr Priifiiiig 
(test) war iilicr .90 bei Ellen* und bei Kinders an* Inimoweiiru Alirrn,' 
gruppen. Es wird Helved dnrgcfuhri dabir, dan die bidden l'.ibiwlriimricn 
rclativ .iclbstiiiulitf .iliitl, Die KnrreUliuh vwUrlien Rrrhrtif&higkf il uml 
Intelligent ifti cine niedrige, mul effete wird mminnwig gfiMu-nieils iltnrli 
rcgclmiisxige Eiuithung eiilivickch; \Vori«i*Uai^riifi»mren l vm lbnl.n y irus) 
siml gulc Mnssstabe aur Mcssung der lutcUigetw. mul die Wurtfahlukcii 
entmckcU sicli au( einc nmlcrc Wcise, 

Dei bciden TnligkcitsfoFmei) erwicsen die V»*<tr mil yunrhiiU'tidrm Alter 
einc beirachtliche Vcrimndenmg der Fahigkcit; bei itire.i Fi’.iiirii .’right siili 
kcinc soldi e Vennindcrung. 

In Be /UK mil beidc FtiluRkcileft crwicMU die dnrch Kinder er’/icltco 
Znlilen (scores) cine zcimiich liolic Korrelainni /nil Alter uml K1.issenr.nn;; 
(grade location); nnchdein die Zablcn in llcjtug auf Alter Imrrigieil wurden 
waren, erwies sich die Korrelalion mil Klnsseiirang nls *ebr (liming. Die 
Liitigc (Jaliren) des Sdnilunicrjidili der Voter eiwien cine Knrrrlaiinn 
von ~.05 mil der Rechenleisguug und .S3 mil der Grtissc dcs VVurlschtuvcs 
(vocabulary^; bei den Milllcrn wnren die Korrelalimirii b/wl. .2)1 mid dO. 
Ea y.eigtcb Bich bid deu Kindcrn keinc licile«l»amrn (IcsehlceluMmicuvliiciIe, 
aber die Voter wnren ihren 7'raucn fin Uci'h ill’ll hmtciKOin ilberlcgeii. 

Die erbnllcmm ZnMen (scores) der Vriier uml die drr Kinder wprdcn in 
Bczug aiif die Rimvfrkung-dcs Alters kiirrtgicrt. Korrchuiruieu tier re- 
aulticronden Zablen fiir Eltcrn mid Kniiler bcirngen i>n D«irib»rliniil .22 
bei der Worlscluily-priifmig mul .125 lei tlctil Kecluicu; eitiigc Wcrlc lie leu 
vie! libber mis als and ere. Ilui Gcsclnvistcm betrngen die Kiirrrlmionni 
im D vi re bach n ill .35 bei der \Vorisekai*|*rdf»iig und .21 bei dun Kerhmm. 
Dei bciden Arlen tier Taligkeii aeigie t*i»'h licim Kimle cine Nciguug in dec 
RicblnnR einer hbheron KoTtelaton mil cinon dvr V.Uciri nls mil dtm 

ande ren, aber die teebnisdien Vcrfahren juir Howe ruing sudrlier Refunde 
erwiesen sicli nls ungoniigend. Rangier* c man die Pfiarungcn in drei 
Grpppen (je nnebdem bcidc Eltcrn iibcr dent Dprdisrhiiiu, clues iibcr und 
das nndere miter deni Durcliscbnill, odor beide unicr dem Diirvdin'liniit 
standen), so untersebieden Biel die von den Kindcrn crbaltenen Zablen 
naeh der Riclitung, die der ireredilnlsliypiulicsc gemass y.u erwarun war, 

Die Werlc der Korrelniionen werden als minimal betracblet, da die Vcr- 
suchspersonen chier uberlcgoncn Gruppc npgebdrtcn pud stdekuvc Kin- 
wirkunjRcn liitig wnren, die einc lypisclic Anslese (sampling) der Ivliern 
bevvirkteti wo der Grad der sortierenden (assortaiive) Panning minder war 
nls geivobnlicli. Die Korrclntionen zwisclicn den von den Mtinncrn mid 
den von ihren Frauen crbnllenen Znblen war fiir dns Rtcbncii — ,1)1 uml fiir 
die Wortschatzpriifung .21. 

Es ist ■wnhrscheinlicli, dnss Ungleicbbeitcn der Gelcgenheil und der 
Einulning bei Mitgliedern der scibcii Familic dnzu neigen, /Snlicbkcilen 
zwi schcii Ellern nnd Kinderti zp vermindern. AVn (.IcirMicii drr Gelegcn- 
lieit bcsteUt, wic unter den Kind cm, stml die Xnlivbkeiien shirker, lb 
zeigen sicb grouse ■ jicti viclucllc Untcrschicde in Hezpg mif 1'peluigkeii, und 
auch bestimmte f nrntlieniihnlichkchei). Diese siml, nfli'li der Meinung dcs 
Yerfnssers, un Or unde tingelioreit, Untersucbnugen tier I'.inwiikungen ver- 
Rcbiedeticr UingebvniRsfnklDre crsebciiicti ibm nber nls notiveiidig v.ur Kill- 
’tviming der Etinvirkutigeu von Nmur pud Umgebnng. 
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I 

INTRODUCTION 


The systematic study of behavior development in 
early infancy, long acknowledged to be of great psy- 
chological significance, has been undergoing within 
recent years a shift of background from the nursery to 
the laboratory. Extensive day-by-day observation of 
single children, covering a wide range of behavior, and 
making use of casual or improvised situations as op- 
portunities occurred in daily life, has given way to 
planned experiments, limited in the scope of their 
problems, and made under conditions in which has 
been apparent increasing and increasingly successful 
effort to achieve scientific control. 

These changes of approach to the problems of infant 
development have been brought about through a num- 
ber of causes. The growth of the objective attitude 
toward psychological problems has tended to call a 
halt to the earlier extensive and labored efforts to guess 
what was in a child’s mind during a given moment of 
behavior, and has focused attention upon the import- 
ance of the behavior in itself. New experimental 
techniques, especially adapted to the study of infants, 
have been devised and applied to problems which it 
had formerly been impossible to attack in any method- 
ical manner. The downward extension, in point of age, 
of work in the field of mental testing has called atten- 
tion to phases of early development in need of scientific 
study. Finally, the growing interest of the general 
public in problems of infancy and childhood has 

[HI] 
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helped in breaking down the formerly widespread pre- 
judice against laboratory experimentation on children. 
This change of attitude has gone far toward solving one 
of the most difficult problems that confronted earlier 
investigators- -the problem of securing a sufficiently 
large number of satisfactorily selected reactors to give 
significance to the results of an experiment. 

The Clinic of Child Development of Yale Univer- 
sity has been for several years engaged in an extensive 
program of research directed toward the establishment 
of norms of behavior for the period of early infancy. 
The examinations made in the course of this program 
are carried on under conditions which permit the ap- 
plication of a considerable degree of control in the 
various situations. In recording the responses of in- 
fants, dictated descriptions of the behavior are supple- 
mented in a large number of the cases by motion- picture 
records which permit detailed study of the responses 
at a later time. The conditions under which the ex- 
aminations are carried out permit of incorporating into 
them certain experimental situations which it is desired 
to follow up in still greater detail, 

The present study has been made under these condi- 
tions. The problem itself is an outgrowth of one phase 
of the general Clinic research program, and the situa- 
tion studied is a modification of one which was already 
a part of the developmental examination. The reactors 
were selected from among the group being studied by 
the Clinic. The situation was presented in the course 
of the complete examination by the regular examiner, 
under conditions prescribed by the experimenter, The 
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examiner’s dictated account of the child’s response is 
a part of the record of the examination, and has been 
used to confirm or to supplement the analysis based on 
the motion- picture records of the response, which have 
supplied the major part of the data studied. 

The purpose of the experiment is to study, by means 
of motion-picture analysis, the sequence of movements 
involved in the normal development of fine prehension, 
as found in infants during the first year of life. By the 
term “fine prehension” is meant the securing by the 
hand of small objects, requiring for their efficient pre- 
hension a relatively advanced degree of control and 
coordination of the finer movements of the hand, and 
especially of the fingers. A detailed description of the 
experimental situation is given later in the report. 



II 

HISTORICAL 

Our knowledge of the development of reaching and 
grasping in infancy, as in ihc case of other phases of 
development, is based upon three principal types of 
investigation ~( 1 ) day-hyuUiy observations of single 
children in the natural situations of daily life; (2) 
normative studies of groups of children at various age 
levels* conducted for the purpose of test'comtruction— 
a special case of the experimental method, but not 
usually conducted under experimental conditions; and 
(3) experimental studies made under controlled con- 
ditions, of which, so far as the lielil of prehension is 
concerned, only a very few have thus far been reported. 

Stomtsb flAsim on iLvrmAusm Owato 

The dates given for the establishment of various 
responses of infants by those who have reported natur- 
alistic observations are, in the majority of cases, 
difficult to evaluate to any degree of satisfaction. This 
is due in pan to the casual nature of the situations ob- 
served, and in part to differences in the criteria on 
which the judgments of different observers are based, 
which are often left unstated- An example of this 
weakness as a source of confusion may be found in the 
anxiety of a number of observers to record the precise 
age at which purpose enters into the response. Thus, 
in reporting the age at which a grasped object is car- 
ried purposely to the mouth, wc Imd Moore (21) 
placing this response as early as the 6th week, while 

[H4] 
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others locate it at various ages, mostly between the 12th 
and 19th weeks. Because of the lack of specific objec- 
tive description given in these reports, it is impossible 
to determine from them whether this response actually 
shows such wide variation in appearing, which seems 
unlikely, or whether the apparent variability is due to 
differences in the observers’ points of view. 

It must be emphasized also that the children whose 
behavior has been studied ill this way cannot be con- 
sidered as likely to have shown approximately average 
development, Usually the observers’ own children, or 
close relatives, it would be expected that the majority 
of them might show a more or less accelerated rate, 
Thus the absolute dates of appearance of the various 
phases of behavior cannot be taken as representative of 
children in general. The order of appearance^ how- 
ever, in those cases where observation and description 
have been sufficiently complete and accurate, can prob- 
ably be so taken. 

Preyer (2.5), the first observer whose notes show 
anything approaching systematic completeness, re- 
ported between 20 and 30 observations of grasping 
made during his son’s first year. His summary of the 
development, while lacking in essential items, indicates 
in a broad way, for the first time, something of the 
nature of the developmental sequence involved in pre- 
hension. Pie distinguishes six principal stages: 

1. Moving of tlic li finds at random, especially to the face, 
is inborn and impulsive, determined by position in 
uteva . 

2. The clasping of n finger placed in the hands in the 
first days is purely reflex and not to he regarded as 
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true Clasping;, wliicli presupposes the perception of a 
desired object and muscular control, both of which 
arc lacking at that period. 

3. Mechanical holding of objects placed in the hand 
(through the third month) is an unconscious (not 
yet conscious) uinvoiumt. 

4. Molding with the thumb opposed follows, with grasp- 
ing upon contact, Holding and clasping no longer 
take place, without consciousness, but are still not 
voluntary. 

5. From the 1 7th to the 1 9th weeks participation of the 
will begins to attain full force. The child does not 
yet reach for objects, hut wills to hold fast the object 
fortuitously attained, He regards it and forms an 
idea of it, and from this to grasping on visual stimu- 
lation is only a step. With that, purposeful grasp- 
ing is present. 

6. Years pass before this grasping which is indispensable 

for the development of understanding, becomes per- 
fected and voluntary inhibition of it hv new ideas 
twyywww. . 

Shinn (27), fallowing Preyef, recognized the stages 
of development which he had listed, but was able to 
add to them in detail. Hers is the most extensive and 
thorough report on the development of a single child 
that has ever appeared, and her records on grasping 
represent a considerable advance over those of Preyer, 
both in the number and the coherence of her observa- 
tions and in her analysis of them, She lists the follow- 
ing sequence of stages (Vol. 1, p, 402) : 

1. Reflex clasping. 

2. Hands often felt by lips and tongue, in connection 
with certain involuntary movements. 

3. Renewal of these sensations sought by voluntary 
repetition of the ami- movements. 

+. Sensations increased anti varied by touch of objects 
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accidentally brought to mouth after being mechani- 
cally clasped. 

5. Deliberate groping for and laying hold on familiar 
objects in familiar places, to carry to mouth (i.e,, 
repetition of movements that have often resulted in 
accidentally carrying objects to mouth: extension of 
the association series). 

6. Hands and objects seen while grasping takes place; 
formation of visual association also. 

7. Grasping at objects visually located, for sole purpose 
of carrying to mouth. 

8. Grasping for varied purposes, manipulation, inspec- 
tion, etc., as associations increase in number and 
variety. 

As in the case of most studies of grasping, Shinn’s 
analysis covers with any sort of detail only the earliest 
months, up to the stage at which definite grasping on 
visual stimulation is established. She mentions “the 
slow growth afterward of good coordination between 
the fingers, and neat grasping, ” and presents a few ob- 
servations made during the period of this growth; but 
the significant changes involved are in general too 
subtle and gradual in their appearance, and the move- 
ments too rapid, to expect any adequate account of 
them to be obtained from observations of this type. 

The numerous notes on grasping reported in Moore’s 
1896 monograph (21) show careful observation and 
clear and objective description, with, in some respects, 
a clearer eye for the significant details of a response 
than is shown by any others of this group. Her notes 
of the development subsequent to the establishment of 
grasping on sight, while not extensive, are well re- 
ported and as accurate as could be expected from the 
standpoint of temporal location. 
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In the same year with Moore’s monograph appeared 
the first part of Mrs. W. 8, Hall's “The First Five 
Hundred Pays of a Child’s Life/’ which, buried in the 
files of a forgotten and almost inaccessible journal, has 
merits which entitle it to a place among the classics of 
its kind. Hall’s analysis of the development of mus- 
cular movements, including grasping, is based upon 
degrees of coordination involved, coordination being 
defined as “the graceful and exact adjustment of muscle 
movements in time and space.” She distinguishes four 
degrees of coordination on the basis of the number of 
muscle- groups involved — coordination of the first de- 
gree involving one group of muscles; of the second, 
third, and fourth degrees, involving two, three, and 
four groups, respectively. As an example of coordi- 
nation of the third degree she cites the extension and 
pronation of the forearm, with flexion of the lingers — 
a movement made in picking up an object from the 
floor or table. The following conclusions arc given 
(13): 

1. The first muscular acts represent coordination of the 
first degree, 

2. The higher dcRi'ces of coordination arc accomplished 
in order from the lower to the more advanced. 

3. Flexion is earlier developed than the corresponding 
extension. 

4. Adduction is earlier developed than abduction. 

5. Symmetrical movements precede asymmetrical ones- 

Dearborn’s 1910 monograph (7) consists of day-by- 
day records of behavior, and contains sonic shrewd ob- 
servations on grasping; but the usefulness of his reports 
is seriously limited by the lack of organization and in- 
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adequate indexing. There is no attempt to summarize 
the development of prehension. 

Dix (8) presents the following interesting summary 
of the grasping sequence, based upon observations 
made on his son: 

1. Impulsive touching of the face by the hand. Reflex 
clasping of objects placed in tbc hand. Lips and 
tongue feel the hand. (Birth to 1 month.) 

2. Accidental prolonged mechanical holding of objects 
placed in the hand ; carrying of these objects to the 
mouth or letting them fall. Strengthening of sensa- 
tions, (10th week.) 

3. Arbitrary efforts to carry the hand to the mouth. The 
mouth seeks the breast. 

4. Things accidentally seized are held in order to be 
carried to the mouth . . . Thumb opposition appears. 

( 1 1th week.) 

Through the above experiences numerous toucli sen- 
sations of movement become associated and established 
as ideas. 

5. (12 til- 13th weeks.) Attention begins to play a larger 
part. Things held arc retained and fixated, and the 
grasping hand is also regarded. Visual sensations 
associate themselves with touch and active movement 
sensations, which arc established as movement ideas. 

6. From tlie 16th week, grasping for fixated objects in 
order to cariy them to the mouth. 

7. (19th week.) The mouth grasps in consequence of 
strong reproductive data and strong emotional rein- 
forcement. Up through the age of 10 months there 
is taking place a process of selection and coordination 
of tile grasping movements. 

8. By about 10 months of age grasping is perfected as 
tlie child forms new associations through reaching out 
for various purposes. 

Myers (22) notes the customary stages of develop- 
ment for the more prominent aspects of prehension, 
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and states that “by the middle of the year [his child] 
could readily seize objects within the sweep of either 
hand, so long as volar movement was not required ; and 
toward the end of the year, the body gradually tended 
more and more to aid the reaching arm in getting 
nearer the desired object.” Notes on the development 
of thumb-finger prehension were intentionally omitted 
from his report. 

Simoneit (28), in one of the most recent studies of 
this type, notes the development of grasping during the 
first quarter-year of life as passing through the follow- 
ing stages; (1) the holding of an object placed in the 
hand; (2) the dropping or carrying to the mouth of 
objects so held ; (3) casual contact with objects through 
movement ; (4) reflex grasping of objects so touched; 
(5) dropping or carrying to the mouth objects obtained 
in this way. Grasping is still reflex in character at the 
end of the third mouth. In the second quarter-year 
active touching appears, and grasping on visual stimu- 
lation develops from the earlier grasping on contact. 
Feeling with the finger-tips sets in. During the third 
quarter of the year volitional grasping becomes quicker 
and surer, and grasping with the finger-tips shows ad- 
vancement. By the end of the year volitional grasping 
prevails. 

Brainard’s study (3 a) represents an attempt at com- 
bining the methods of naturalistic observation and of 
real experimentation. His report, based on the devel- 
opment of his own child, includes observations on 
casual reactions, but makes use also of planned situa- 
tions presented day after day for the purpose of testing 
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the responses. Much is lacking on the side of control, 
but, despite this common fault, his paper has many 
points of unusual interest. 

The first stages in the directing of hand movements 
are more clearly noted by Brainard than they have 
been by most observers : 

4th day: Hand to mouth, with insertion of thumb, as a 
result of casual movements. 

By end of 1st month: Hand motion to mouth accom- 
panied by turning thumb toward mouth. 

End of 2d month : Fist clenched and thumb stuck out on 
carrying hand to mouth. 

9 weeks: Hands and feet both moved at sight of bottle; 
hands open and dose. 

11 weeks, 1 day: Arms stiffened and moved at sight of 
bottle. 

At the end of the third month a long series of tests 
designed to show whether or not the child would reach 
for an object all gave negative results. Just at the end 
of the fourth month the first positive response Avas ob- 
tained when she crudely grasped a string of beads held 
before her and carried them to her mouth. From this 
time on there was rapid progress. At 4 months 11 days, 
the child reached for a red cube in the experimenter’s 
hand ; in this test she sat upright and used an arm move- 
ment from the shoulders, At 6 months she reached 
directly for a spool on the table, grasping it as soon as 
touched. 

Brainard estimates the approximate number of times 
that the infant’s hand touched an object at the same 
time that the eyes were fixated cither on the object or 
on the hand as follows ; 

1st month : 0 

2nd month: 10 
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3rd month: 20 
4th month : 50 

5th month: 200 
6th month : 600 

Most other studies of the observational type merit 
mention only because of their historical significance as 
pioneer studies, and because the total number of ob- 
servations in the literature is so small that it is desirable 
to take notice of almost every one that has been made. 
The notes on grasping in most of them arc sporadic and 
often indefinite; such observations as arc actually re- 
ported, with dates, are taken into account in the sum- 
mary at the end of this chapter. 

Studies Based on Psychometric Investigations 

Those who have devised tests of development for the 
period of early infancy have almost unanimously re- 
cognized in the field of prehension items of value in 
determining the behavior growth of the individual. In 
Kuhlmsuin’s scale for the first year of life (IH), four 
out of ten tests comprising the 3-months and 6~immths 
age groups definitely represent stages in the develop- 
ment of prehension. Kuhlmann himself points out 
that these tests were only very roughly standardized in 
comparison with those at the higher levels of the scale, 
having been originally drawn up through a study of 
the observations of Preyer, Shinn, and others, and tried 
out on a small and unrepresentative group of infants. 
As the first tests provided for the early age levels, they 
served their purpose of detecting the more marked de- 
viations from the normal, which was all they were 
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intended to do; but they have added nothing to our 
knowledge of the development of prehension. 

The preschool tests described by Gesell (10) rep- 
resent the first extensive attempt to devise norms of 
behavior for the earliest age levels. Scores of items 
make up the test-schedules presented for the ages 
studied during the first year (neo-natal, 4, 6, 9, and 12 
months), and these include a number of definite de- 
velopmental sequences, among which that of prehen- 
sion, in the more advanced as well as the earlier stages, 
has a prominent place. 

The preliminary standardization was made on 50 
apparently normal children at each level studied. On 
the basis of the clinical application of these tests, 
together with comparative studies of children at suc- 
cessive age levels, a tentative scale of monthly incre- 
ments of development up through 10 months was 
constructed (11)* The items more directly involved 
in the development of prehension are the following: 

1 month: Gives trnnsient visual regard to the red 

ring. 1 Retains definite hold of the ring 
when it is placed in the hand. 

2 months: Makes vertical thrusts in random play 

when in dorsal position. 

Gives prolonged regard to dangling ring. 

3 months: Varied tactile manipulation of ring. Fingers 

one hand with the other in tactile motor 
play. 

J The test- objects referred to are the following: Ring'. A bright 
red wooden embroidery ring, outside diameter 11 cm., with white 
string 25 cm. in length attached. Cube'. 13 right red wooden cubes, 
2,5 cm. square. Pellel '. A white sugar pellet similar to the ones used 
in the present experiment, but slightly larger (diameter 8 mm. in- 
stead of 7 mm.). 
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4 months: 


5 months: 


6 months: 


7 months ; 


8 months: 


9 months; 

10 months: 


Closes in with hath hands an dangling ring 
when in dorsal position. Regards 1-inch 
cube oil table. Inspects own hand. 

Picks up cube from table on contact. In 
dorsal position recovers rattle fallen within 
easy reach. Makes reaching approach to 
sheet of paper favorably presented. Eyes 
cooperate in prehension and manipulation. 
Grasps with simultaneous flexion of the 
lingers. Retains transient hold of two cubes, 
one in each hand. Reaches for object on 
sight . Picks up cube from tabic on visual 
cue. Regards pellet on table surface. 

Tends to unilateral reaching and manipula- 
tion. Rotates wrist freely in manipulation. 
Secures pellet with raking or scooping 
palmar pre) tension. Picks cube deftly and 
directly from table. Readies persistently 
for remote cube. Manipulates ring with 
sustained inspection. Plays explosively 
with paper and string. 

Picks up pellet with partial pinecr prehen- 
sion. Utilizes handle in lifting inverted 
cup. 

Opposes thumb in seizing cube. 

Plucks pellet with precise pinecr prehension. 


In this series the following stages in the development 
of grasping can be differentiated: 


1 , The development of selective regard for set zable 
objects of various sizes from larger to smaller — for 
the ring at 1 and 2 months, fur the cube at 4 months, 
and for the pellet at 6 months. 

2. The development of reaching for objects — closing in 
with both hands on the ring at 4 months, reaching 
for a. sheet of paper at 5 months, for the cube and 
other objects on sight at 6 months, unilateral reach- 
ing at 7 months. 

3. The development of grasping with the hand and 
fingers— -reflex clasping of the ring at 1 month, with 
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varied tactile manipulation of it at 3 months; picking 
up the cube on contact at 5 months, on visual cue at 
6 months, "deftly and directly" at 7 months, with 
opposing thumb at 9 months. The pellet is secured 
with raking or scooping palmar prehension at 7 
months, with partial pincer prehension at 8 months, 
and with precise pincer prehension at 10 months. 

These figures have been offered as representing an 
approximate allocation of the various responses to their 
age levels, and are to be modified, where necessary, in 
a forthcoming study based on research which has been 
in progress several years. In their present form, how- 
ever, they represent the most complete analysis of 
different phases of the development of prehension that 
has thus far been made on a large number of children, 
and they furnish a valuable starting point for more in- 
tensive studies, 

Linfert and Hierholzer (19) gave a series of tests, 
based in part upon Gesell's scale, to 50 children at each 
of the following ages: 1, 2, 4, 6, 9, and 12 months. The 
children were mainly from approximately average 
homes, with a small admixture from an infant asylum. 
The significant prehension items were, for the 1-, 2-, 
and 4-months levels, grasping a ring placed at the fin- 
gertips, and carrying the ring so held to the mouth. For 
the 6-, 9-, and 12-months levels, the item of the greatest 
interest here is regard for a pellet. The size of the pel- 
let is not given; it differs in form from the one used in 
the present study in being flat on both sides, which of 
course is of negligible significance when the question 
is purely one of regard. 

At the three earlier age- lev els Test 4 (grasping ring 



126 


OliNliTIC PSYCHOLOGY MONOGRAPHS 


on contact) was passed by 62%, 76%, and 98%, re- 
spectively, of tile children tested. Test tl (carrying 
ring to mouth) was passed by no children at 1 month, 
by 2% of the 2-months group, and by 30% at 4 months. 

The pellet was definitely regarded in 36% of the 6- 
months cases, and by all the older children studied. 

These investigators have given fewer tests from the 
field of prehension than any others who have presented 
scales of tests for the first year of life. Their inclusion 
of the pellet represents its only appearance in the liter- 
ature outside the work of Gesell, and the study is there- 
fore of especial interest in connection with the present 
experiment. 

The infancy tests of Hctzer and Wolf are based upon 
the studies of Charlotte bidder, and contain a fairly 
large proportion of prehension items. The children 
observed were in the Kindcruberttahmstelle, Vienna, 
and were presumably considered as average. The lo- 
cation of the test-items was based on the examination 
of 40 children at each age level. The following pre- 
hension items are included (there are no tests for 1 
month) : 

2 months: Fixating on an object (a 334-inch disc cov- 

ered with tinfoil). Experimenting move- 
ments — "slow, quiet movements, which the 
child himself observes." 

3 months: Feeling of objects (active touch). 

4 months: Grasping (a rattle) with both hands, with- 

out using fingers. 

Grasping on contact. 

Looking at an object (rattle) while mov- 
ing it. 

Manipulatory movement of an object 
(rnttle). 



DEVELOPMENT OF FINE PREHENSION 


127 


5 months: Grasping an object on sight with one hand, 

or with both hands, using fingers, 

6 months; Grasping table edge. 

7 months: Moving toward a desired object by change 

of position (while lying down). 

We note here again the lack of attention given to the 
later stages of development, subsequent to the establish- 
ment of grasping on sight, The participation of pos- 
tural adjustment as a phase of the prehension sequence, 
which is noted at 7 months, furnishes a new item, but 
otherwise the scale makes use only of the f amiliar early 
stages. 

Figurin and Denisova (9), in preparing their diag- 
nostic outline of behavior up to one year of age, 
observed about 20 Leningrad children at each lunar 
month interval during that period. Their outline aims 
to include not only the date of establishment of a re- 
sponse, but also the age at which it first begins to 
appear, and its stages of development. 

Visual fixation on “a bright object/’ held from a 
quarter to half a meter before the child’s eyes when 
he is in the dorsal position, is found to occur first at 
about the end of the 2d week. The time of fixation is 
at first from 5 to 10 seconds, later as long as a minute 
and a half. By the end of the 8th week the response 
was present in all cases. 

Excitement in the presence of a desired object 
usually starts to appear by the end of the 2nd month, 
and is present in 100% of cases by the middle of the 
4th month. It is shown by such behavior as excited 
waving of the arms, flexion and extension of the legs, 
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and fast breathing; the first stage is a slow moving of 
the hands and brightening of the facial expression. 

Reaching for an object lie Id just within range of the 
child’s arms (it is not stated whether the dorsal or the 
sitting position was uniformly used) begins to appear 
in rudimentary form in some children as early as the 
middle of the 2d month, and is found by Figurin and 
Denisova to be present in all their cases by the end of 
the 4th. At first the response is characterized by 
excitement and increase of activity (sec above), then 
the child puts his hands out and touches the object. 
Later he keeps his hands on the object and starts to 
manipulate it, but he cannot yeL hold it by himself, and 
will drop it if it is released by the examiner. 

The psychometric method may, if applied with 
adequate precautions as to control, and with some fore- 
thought in devising situations, make an important con- 
tribution to our knowledge of infant development; and 
such precautions will also result in the formation of 
better tests. This double purpose will be served (a) 
by using all the methods of standardizing conditions 
and procedures which are practicable in situations to 
be used for purposes of clinical testing; (/;) by using 
age intervals short enough to catch the significant 
changes in the development of behavior, which take 
place relatively swiftly at this early level; (c) by in- 
cluding in the scale tests which will demonstrate the 
important successive stages in definite genetic se- 
quences; (d) by publishing as completely as possible 
the details of the various gradations of behavior ob- 
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served, with objective statements of the criteria used; 
(*?) by using definite, stated, criteria for the selection 
of the infants studied. 

Experimental Studies 

An early experimental study of the development of 
prehension was made by Watson (33, 34) on 15 infants, 
using a stick of red peppermint candy as the stimulus- 
object. The child was held seated in the mother's lap 
and the candy dangled before him on a string. After 
each failure to grasp, a conditioning factor was intro- 
duced by putting the candy into the child’s mouth. 
Observations were made at weekly intervals. 

A representative reactor from Watson’s group was 
examined each week from the age of 101 days (15th 
week) to 171 days (25th week) . No evidence of reach- 
ing was obtained until the age of 122 days, although in 
the first experiment "on the last trial she seemed to 
open her hand and make tentative striking movements.” 
At 122 days there were three definite attempts to grasp 
after the candy had been put momentarily in her 
mouth; one of these attempts was successful. The re- 
sponse showed increasing directness and accuracy 
thereafter, and was considered as well established, as 
in the case of all the reactors, by 150 days (22nd week) . 
The conditioning factor does not seem to have affected 
the results significantly, since the ages given are in es- 
sential agreement with those generally reported. 

An experiment on reaching reported by Jones (16) 
is especially valuable because of the simplicity of the 
situation used, the large sampling of reactors, and the 
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completeness of the report. Nearly 500 reactors were 
employed, ranging in age from 80 to 290 days, and ob- 
tained through New York baby welfare clinics. The 
stimulus-object used was a bright toy, moved slowly 
along a line between the cl) i Id’s eyes until it came 
within reach. The child (in the dorsal position in the 
majority of cases) was allowed 10 seconds in which to 
grasp the object; ten such trials were made in each 
case. 

The youngest child to pass the test within the 10- 
sccond limit on any one of the ten trials was 116 days 
of age (17th week). The response was present in 25% 
of cases by 135 days (20th week), in 50% by (52 days 
(22d week), in 75% by 173 days (25th week), and in 
100% by 269 days (39th week), the percentile figures 
being smoothed curve values. The quartile deviation 
was 19 days. Thus the middle 50% of cases developed 
the response within a range of 5 weeks. 

Thumb-opposition in grasping showed, according to 
Jones, a curve of development almost identical with 
that of reaching, the earliest appearance being in an 
infant 108 days of age, and the 100% mark being 
reached at 266 days. The middle 50%; developed this 
response between the 19th and the 26th weeks. The 
reaction was tested by placing a 1-inch cube, a 1-inch 
rubber ball, and a pencil, in first the right hand and 
then the left. 

Halverson’s study of development in cubc-prchen- 
sion (14), recently published as one of the Genetic 
Psychology Monograph*, represents the most ambitious 
experiment so far made with the purpose of analyzing 
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behavior growth in the field of grasping. Using red 
cubes 1 inch on a side as his stimulus-objects, he studied 
the reaction of 12 or more infants at each of 8 age levels 
during the first year in three prehension situations. His 
experiments were made under conditions similar to the 
one which is the subject of the present report, and made 
use of similarly selected reactors; while begun some 
time before the present experiment, they were carried 
on in part simultaneously with it. The major plan of 
procedure followed herein and many of the special 
techniques employed have been taken, in the original 
or in modified form, from Halverson. Because of the 
similarities of situation and method, his results will be 
discussed at length, where appropriate, in connection 
with those here reported. 

A Comparative Summary of the Development of 
Prehension, Based on ti-ie Literature 

The information contained in the literature as to 
the dates of establishment of the responses most 
significant in the development of grasping may be 
summarized here, despite the fact that, for reasons 
already mentioned, the figures given can be considered 
only roughly comparable. 

It is agreed that practically all normal infants from 
birth will close the hand around an object pressed 
against the palm, and that this clasp is in most cases 
strong enough to support the infant’s weight (33, 
p. 241). While this reflex clasp has generally, follow- 
ing Preyer, been distinguished from true grasping, it 
should probably be considered as a foundation for the 
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developmental sequence which culminates in grasping 
on sight, and as the essential factor in the first grasping 
on contact. Watson reports that the reflex is present 
in more or less perfect form up to almtii the 120th day 
or longer, and that it seems to give way about the time 
the eye-hand coordination is established. 

The first practice in directing the movements of the 
hand seems to occur in connection with carrying the 
hand to the mouth. Wrninard (.vt), in the notes already 
mentioned, finds this developing during the first two 
months, with increasingly efficient guidance of the 
movement to bring the thumb into the mouth. Carrying 
hand to mouth with apparent intention has been 
reported by Hall as Inking place in the 8th week, by 
Shinn in the 9th and 10th weeks, respectively, in two 
cases, and by Moore in the l Oth week. 

Grasping on casual contact is located in a number of 
observations between the I Oth and 13th weeks, although 
Moore, whose dates in general seem to run earlier than 
others, placed it between the 6th and 8th weeks. 
Adjusting the hand to grasp an object contacted other- 
wise than against the palm was noted hy Bully nod 
Shinn in the 11th and 12th weeks, respectively, while 
Dearborn did not observe the response until 17 weeks. 
Gesell places the test of picking up a 1 -inch cube on 
contact at £ months. 

Carrying objects (purposely) to the month has been 
reported with wide divergence as to the observed age 
(the studies by Sharp, Tilley, and Wood arc parents 1 
records cited by Shinn) ; 

6th week : Mi lore 

11 weeks: Dtx 
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1 2th week: Hall, Darwin 

13th week: Shinn 

At 3 mo. : Sharp 

14th week: Tilley 

At 4 mo. 1 Wood 

At 43^2 mo.: Wood (2nd ease) 

19th week: Sullj', Beatty 

During these early stages of clasping, holding, and 
carrying to the mouth, there is increasingly present, 
after the first month or so, a visual component of the 
response. The first definite fixation on objects (other 
than following a moving object, which may take place, 
in the case of a light, on the first day) seems to occur 
about the middle of the first month (Gcsell, Stern), 
and is at first' for relatively large bright objects. 
Fixation on a grasped object appears during the 4th 
month (Dix, Brainard, Shinn, Moore), and at about 
this time the grasping hand is also regarded after con- 
tact has been established. This is the preliminary stage 
to grasping on visual stimulation. 

Preceding visual-motor grasping, however, there is 
a stage in which the infant shows an increase of activity, 
with evidences of excitement, in the presence of a 
stimulating object. Brainard observed this in the 
presence of the child's bottle at 9 weeks. Figurin and 
Denisova found it in some cases during the 2d month, 
and in all cases by the end of the 4th. Increase of arm 
and leg movements, with opening and closing of the 
hands, is prominent in this heightened activity. 

The activity soon begins to take the form of a crude 
groping toward the object . This is true reaching, 
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lacking only the ability to direct the movements 
accurately. It is reported at the following ages: 

8th week : Anient 

11th week: Scupin 

1 2th week: Moore, Major (doubtful) 

Early U\ the 4tli month: Siiiumcit 
16th week: Major (definite) 

At 16 weeks: Shinn 


Gesell found a closing-in of both arms when a red ring 
was dangled over ail infant in the dorsal position, in 
between 20% and 50% of his cases at 4 months; he 
states that definite reaching is not to be expected at 
this age. The response noted by Brainard just at the 
end of the 4th month, when his child with difficulty 
secured a string of beads held before her, is apparently 
of the same groping type; a string of beads would be 
rather easier to secure in this way than most objects 
which have been used. 

The dates reported for the establishment of grasping 
an object visually located are as follows: 


30th week: 

11th week: 

12th week: 

36tli week: 

1 7th week: 

1 8th week: 

19th week: 

39 weeks; 

20th week: 

In the 5th month: 


Anient 
II nil, Alcott 
Moore 
Scupin, Dix 

Slu'nn (ht case), Frcycr 
Myers, Dearborn, Watson 
Sully 
Sigismuw! 

Major, Shinn (2d case) 
Simoneit 


Gesell and Ktihlmann place tests of this ability at 6 
months, Hetzer and Wolf at 5 months. 

With the establishment of visual-motor grasping. 
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bringing us down to the age level at which the present 
experiment begins, most observers have been content to 
leave the systematic attempt to record the development 
of prehension. Gesell and Halverson have carried, on 
through and beyond the first year, Others have found 
the changes taking place after about 5 or 6 months too 
difficult to follow, except in very broad outline, Shinn, 
for example, states: 

“Her skill in grasping when the finger-tips alone could 
be used, perfected but slowly: In the thirty-fourth week 
she tried unsuccessfully to pick up tiny scraps and thrums, 
say f\ inch in diameter, from the floor; in the tlurty-sixtli 
(249th day), she picked up a small tack and w pin with 
case; and at thirty-eight weeks old she played with a 
single hair and with a wisp of thread scarcely larger than 
a pinhead. Even at fifteen months old, however, 1 saw 
her make several efforts before she could pick up a small 
shot" 

The reports of other observers will be cited, where 
relevant, in connection with the results obtained in the 
present experiment. 



Ill 

THE EXPERIMENT 

The aim of the present experiment is to study, by 
means of the analysis of motion-picture records of 
behavior, the sequence of movements involved in the 
normal development of fine prehension, as found in 
infants during the first year of life. 

By the term “fine prehension” is meant the securing 
by the hand of small objects, requiring for their 
efficient prehension a relatively advanced degree of 
control of the finer movements of the hand, and 
especially of selection and control of the fingers. The 
object chosen as the stimulus for prehension is a round 
white Candy pellet, approximately 1 niui. in diameter, 
fiat on one surface and convex on the other,® which is 
placed before the seated infant on a table top, under 
standardized conditions. 

The pellet was chosen as a stimulus-object for a 
number of reasons; (1) It is an object the efficient 
prehension of which requires precisely the type of 
behavior which it was desired to study, (2) It was 
desired to utilize a situation which was already part of 

y The pellets used in this study were carious manufactured hy 
Smith and Peters of Philadelphia, and purchased from Recall drug 
stores. Those bought at different times have shown considerable 
variation in size and shape, but the ones used during the experiment 
were obtained all at the same time, and were relatively uniform in 
these respects. Twelve samples, selected at random and measured 
by placing them on a millimeter scale, showed the median, mode, 
ami mean of the diameters all to be precisely 7 nun., with a mean 
variation of .125 mm. 


[ 126 ] 
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the Yale developmental series, that the experiment 
might bear a close relation to the general research 
program of the Clinic. (3) Preliminary experience 
with the pellet had indicated that infants of the ages 
in question responded satisfactorily to it, and that their 
responses at various age levels constituted a genetic 
sequence sufficiently clear to warrant thorough study 
and analysis. (4) It is a type of object with which 
infants are relatively unfamiliar; children below the 
age of 1 year are not ordinarily given loose objects 
comparable in size to the pellet as playthings. (5) It 
is quite harmless to the child, even if taken into the 
mouth and swallowed — a consideration of distinct 
importance. 

The Reactors 

The reactors were infants who were being used in the 
general program of normative research already under 
way at the Clinic. These infants have been selected 
with a view to obtaining a relatively homogeneous 
group from the standpoint of race, home environment, 
and family background. They come from Teutonic or 
Celtic stock, the fathers’ occupations all fall within the 
middle S0% on the Barr occupational rating scale 
(32), and the parents’ education has commonly been 
of the grammar-school level, with, in a few instances, 
some high-school or equivalent training. Thus the 
aim has been, as far as parental occupation and educa- 
tion can be taken as an index, to obtain children of 
these racial stocks whose family background is sug- 
gestive of an average level of intelligence. Premature 
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and post-mature children were omitted as well as any 
who had suffered from extreme illness or malnutrition. 

The age levels chosen for study were 20, 28, 32, 36, 
44, and 52 weeks. The 32-wccks group was added 
after a consistent 8-weeks interval had originally been 
planned, because of the rapidity of the behavior 
changes taking place at about that age. Twenty weeks 
was chosen as the lower limit because it is the age at 
which definite response to the pellet first appears in a 
large proportion of cases, while only occasionally 
would a completely successful reaction be found under 
the conditions of the experiment. The upper limit 
was placed at 52 weeks because at that age the response 
is found to have developed into a smooth, well- 
coordinated bit of behavior through which the pellet is 
secured efficiently and quickly. 

TA11LE 1 

Sex Distribution of the Reactors 
by Age Groups 

20 23 32 U >t+ 52 

6 4 5 C 6 4 

4 5 5 4 + 6 

No. of boys 31 

No- of girls 23 

Total 59 

Table 1 shows the sex distribution of the reactors to 
be about even, with a slight preponderance of boys over 
girls in the entire group, and at three of the six age 
levels. The proportion of one sex to the other, however, 
is in no group greater than 6 to 4. Thirty-two different 
children were used in the experiment, but no one child 
appears at all the levels studied, and no attempt is made 


Age in weeks 

No. of boys 
No. of girls 
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in this investigation to follow any child through 
successive stages. Each child is considered as a different 
reactor in each age group in which he appears. There 
are 10 reactors in each group for 20, 32, 36, 44, and 52 
weeks, and 9 at 28 weeks. 

Table 2 gives the Barr scale ratings of the fathers’ 
occupations for all cases. On this scale, occupations 
are given ratings of from 1 to 20, from the lowest to 
the highest Terman (32), on the basis of census 
reports from the three largest California cities, found 
the mean for the total adult male population of those 
cities to be 7.92 by one method, and 8,88 by a second 
method; he seems to consider that the lower figure is 
probably a closer approximation to the true mean. 
Our average rating for all cases is 8.89, with a mean 
variation of 1.31 ; the group may therefore be taken as 
closely approximating the average, so far as paternal 
occupation is an index. 


TABLE 2 

Occupational Ratings of Fat iters of Reactors 
(Based on the Harr rating scale) 


Age group 
Reactor 

20 

28 

32 

36 

u 

52 

I 

7.39 

10.11 

7,05 

9.37 

10,26 

8.75 

2 

8,89 

9,72 

7.39 

11.3+ 

10.2+ 

10,26 

3 

7.17 

9.72 

10,26 

6.27 

7,17 

7.39 

+ 

11.51 

8.08 

10,2+ 

10,2+ 

10.26 

9.72 

S 

10.26 

7.5+ 

9.72 

10.26 

10.26 

9,72 

6 

9.72 

5.69 

8,89 

8,89 

9.72 

10.26 

7 

10.11 

10.26 

10.26 

7,02 

7.39 

9.73 

8 

5.89 

7.05 

9.37 

9.72 

10.11 

6.27 

9 

10.53 

8,89 

10,11 

5.89 

7.02 

6.27 

10 

7.5+ 


8,08 

8.08 

9,72 

8.89 

Average 

8,90 

8.59 9,1 + 

Average for nil cases 
M'enn variation 

8.71 

8.89 

1,31 

9.22 

8.80 
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While complete tint a are not yet available for the 
normative examinations in connection with which these 
experiments were made, it can be said that none of the 
reactors used have given evidence, in the course of 
them, of any marked deviations from the normal 
developmental rate. 

All infants were examined within two days of the 
exact ages at which they are placed. 

The Experimental Situation 

The Environment. The situation was presented in 
the photographic observatory of the Clinic of Child 
Development (It, 13«) in the course of a complete 
normative examination. From the inside, i.c., from the 
reactor’s point of view, the observatory (more con- 
veniently referred to as the dome) is a brightly lighted 
room, with a circular floor 12 feet in diameter, and 
with white walls which, after rising vertically for 32 
inches, continue upward as a hemispherical dome. The 
walls consist of a fine mesh screen, attached to the 
heavy iron framework of the structure and coated with 
white paint. When the interior is well lighted and the 
surrounding room outside is dark, the screen appears to 
observers within as a solid wall, while permitting 
a high degree of visibility to those outside. Thus 
potential distracting features of the environment, as it 
appears to the infant, may he kept at a well- controlled 
minimum, while any amount of relatively noiseless 
activity that is necessary for observing and recording 
the responses may take place outside the dome. 

Lighting was furnished by 8 Cooper-Hcwitt 
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mercury arc lamps supplemented by 24 50-watt 
incandescent lamps, which were added to restore 
chromatic values lost when the mercury arc lighting 
is used alone. The reactors were shielded from the 
direct glare of the lamps by white tissue-paper screens, 
giving something of the effect of translucent windows. 
The lights were grouped in two batteries. One, con- 
sisting of 6 Cooper-Hewitts and 18 incandescents, was 
located above and slightly to the right of the child as 
he was seated in the experimental position; the second, 
made up of the remaining lamps, was above and at the 
far right. The flat white paint with which the inside 
of the dome was covered served to reflect and diffuse 
the light in such a way as to prevent the light-sources 
themselves from standing out too prominently. As a 
matter of fact, the motion- picture records of the 
infant’s behavior reveal that the lights had very little 
distracting effect. 

The slot made in the side of the dome by the camera 
tracks (13«) was concealed by heavy white cardboard, 
with a small opening left at the desired camera position 
through which to photograph. The motion-picture 
camera itself was enclosed in a box which thick 
padding had rendered nearly soundproof. As ill the 
case of the lighting, it was found that the noise of the 
camera did not act as a distraction. The risk of other 
distracting noises from outside the dome was reduced 
by a thick soft floor-covering. 

Preliminary Procedure . On arrival at the Clinic, 
the infant, with his mother, is conducted to the dome, 
where he is undressed and allowed a period for adjust- 
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ment to the new environment before the examination 
begins. Due precautions arc, of course, observed at all 
times for his physical welfare. The pellet situation 
occurs at a point about: midway in the total examina- 
tion. It has been preceded, in the ease of 20- and 28- 
weeks infants, by a short series of tests presented in 
the dorsal position, and at all ages by a series in the 
sitting position. There has been ample time allowed 
for adjustment to the situation, but not enough, in the 
case of most children, to cause apparent fatigue. 

The previous test-situations presented to the child, 
which involve his response to an object placed before 
him on the table top, make use of l -inch red cubes, an 
ordinary teaspoon, and a white enameled cup. The 
test-objects presented immediately prior to the pellet 
are the cup, at 20 and 28 weeks, and the cup and cubes 
together at the higher levels. If, for any reason, it 
was found necessary to interrupt the examination just 
before the introduction of the pellet, the preceding 
situation was always reinstated and carried through 
again before beginning the experiment. 

The Pellet Presentation. For this experiment the 
child is seated on the 30-inch-high platform of the 
experimental crib, facing and just not touching a table 
top, which is supported on the adjustable side rails 
of the crib at the height of his elbows. If the infant 
is able to maintain a steady sitting posture without 
support, he is seated on the platform of the crib; the 
younger children who cannot sit alone are placed in a 
small morris-chair, devised especially for this purpose, 
supported by a comfortably wide canvas belt around 



DEVELOPMENT OP FINE PREHENSION 


143 


the waist, This arrangement is illustrated in the 
photographs reproduced in Figures 5 and 6 on page 
174. It is almost never necessary to use this chair at 
an age level as high as 36 weeks, 

The table tap (20 inches x 30 inches in size) is 
painted the same neutral gray as the experimental crib. 
Its surface is divided laterally into 6 equal lanes by 
lines which extend from the far edge, opposite the 
reactor, to a horizontal line parallel with, and 6 inches 
from, the near edge. These lines facilitate the analysis 
of the photographic records, and seem not to interfere 
with the infant’s natural responses to the objects placed 
before him. 

The method of presenting the experimental situation 
is as follows; The infant’s hands are first quickly and 
thoroughly wiped with a soft pad which has been 
dusted with talcum powder, in order to prevent the 
pellet from sticking to the moist hand. The examiner 
then immediately takes the pellet in her left hand (she 
stands at the child's left side throughout the examina- 
tion) and taps it against the far end of the table to 
attract the child’s attention. As soon as he regards the 
hand holding the pellet, it is advanced along the 
median line, thumb and index-finger holding the pellet 
in advance of the rest of the hand, to a point 6 inches 
from the near edge. This forward movement of the 
pellet is timed to take approximately 2 seconds. Reach- 
ing the point described (hereafter referred to as the 
standard median position ), the pellet is left on the 
table top, resting on its convex surface, and the hand 
is withdrawn smoothly and quickly. 
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At the instant the hand starts to carry the pellet 
forward in presenting it, the motion camera and a 
stop-watch are started simultaneously by the operator 
outside the dome. At the end of 9 seconds the operator 
says “Now,” in an ordinary low tone; if by the time 
this signal is given the child has not succeeded in 
prehending the pellet, or if he has knocked it definitely 
out of reach without having secured it, it is then taken 
up by the examiner and advanced directly forward 
from the standard position to a point 3 inches from the 
edge (the near median position) and left as before. 
Thus the infant who is unable to direct his arm and 
hand movements to secure the pellet is given a second 
opportunity at closer range. In practice, the change 
to the near median position was not found necessary 
above 28 weeks. 

The camera record was discontinued (<v) if the pellet 
was knocked, dragged, or dropped below the table 
surface, or carried to the mouth; (/>) in the event of 
any happening which interrupted the normal condi- 
tions of the experiment, such as a loud sound, or a 
disturbance of the reactor's equilibrium necessitating 
the examiner’s intervention; such episodes were dis- 
carded from the experimental series; (c) if the 
response to the pellet was interfered with by fussing 
or crying; (d) at the end of 20 seconds at 20 and 28 
weeks, or at the end of 40 seconds at the higher ages. 

The original plan of procedure called for continuing 
the episode for 40 seconds at all ages. It was found, 
however, at 20 and 28 weeks, that 20 seconds was ample 
to demonstrate the best response which the child was 
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able to make, and that continuing for 40 seconds, in 
addition to causing largely a waste of film and effort, 
occasionally resulted in a fussing or crying response on 
the part of the child, which made the response unusable. 
Four satisfactory records for the longer period which 
had been obtained at 20 weeks, and two at 28 weeks, 
have been retained in the data used; where the 
additional time has been a factor in the results 
obtained, the fact is indicated. 

It is difficult to form an idea, without actual obser- 
vation, of the amount of varied behavior which a nor- 
mal infant will show during such short time intervals 
as these. Even at 20 weeks, where the approach to the 
pellet is just beginning to enter into the picture, one 
of our reactors during the first 10 seconds made four 
approaches, with six shifts of regard, and made four 
more approaches during 10 seconds in the near 
position. A 44-weeks-oid reactor made IS approaches, 
contacting the pellet 13 times, closing his hand to 
grasp it 1 1 times, and securing it 3 times, all within less 
than 30 seconds. 

Our records indicate that the time allowed is ample 
to secure a satisfactory and characteristic response to 
the situation. The promptness and vigor of the 
majority of the reactions obtained furnish evidence 
that the motivation involved, whatever its fundamental 
nature at the various age levels, was sufficient in degree 
to call forth approximately the best response that the 
reactor was capable of making. 
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Risamus of Responses 

The motion picture records of the different responses 
have furnished the material for practically the entire 
analysis. The cameras used were the Bell and Howell 
“Filmo” type, using 1 6- mm. film. The photographing 
was carried on through an opening in the line of the 
camera track in the front median plane, the camera 
being pointed downward toward the child on a line 
forming an angle of 20° with the platform of the crib 
at the center of the dome. Supplementary records were 
made of a few responses at the different age levels from 
a position at right angles to that just described, with 
the camera pointed horizontally at the level of the 
child’s head. 

During the entire examination the examiner carries 
on a running dictation descriptive of the infant’s 
responses, which is taken down by a stenographer 
outside the dome. Because of the length of time in 
which the child has been adjusting to this talking 
before the pellet is introduced, it was felt that its 
sudden cessation would be more likely to operate as a 
distraction than the dictation itself, and it was retained 
as part of the experimental procedure. These dictated 
records have in certain cases been of assistance in 
clarifying details not clearly shown in the film. 

In addition, independent notes were made by the 
experimenter on most of the cases, from an observation 
point outside the dome. These have been found, 
however, to add little or nothing to the data as 
gathered from the other types of records. The motion 
pictures alone, in almost every case, furnish all the 
data needed for analysis of the response. 
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Methods of Studying the Data 

The analysis of the material was carried on through 
a study of the cinematic records, both in motion and 
frame-by-frame projection — that is, through the still- 
ing of successive frames. The apparatus utilized for 
this purpose was the projection table described by 
Halverson (13&), in which a standard hand-crank 
projector is arranged in such a way as to project its 
image from below on a ground-glass screen set into 
the table top. The device permits an observer seated 
before the table to operate the projector at any speed 
desired for studying a given item of behavior or to 
still any single frame for studying at length. The 
projector has been modified to permit the film to be 
run either forward or backward, malting it a 
convenient matter to go over a single episode, or any 
part of it, as many times as may be necessary to gather 
the desired data. 

An adaptation of the method described by Halverson 
(14, p. 131) was used for reducing the significant 
phases of the reactor’s response to chart form in terms 
of time and space. Several different forms were used to 
record different aspects of the behavior, Form A, de- 
signed to record the total response, in its essential items, 
is a chart on coordinate paper, each ordinate represent- 
ing a single phase of the response which it is desired to 
record in temporal terms. Time is plotted on the 
vertical scale, each interval between two consecutive 
abscissae representing one second. When a given item 
appears in the response, say closure of the hand to 
obtain the pellet, a line is drawn on the ordinate from 
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the point indicating the time of the beginning of the 
movement up to the moment of its completion. The 
items so charted on Form A are: regard} for the 
presentation of the pellet, for the pellet itself, for the 
reactor’s own hand, for the examiner, and for the 
general environment (“looking around' 1 ) ; activity 
(approach and withdrawal) of the right hand and of 
the left; contact with the pellet; closure of the hand on 
the pellet; holding the pellet; carrying it, dragging it, 
or pushing it. A wide column on the right is used for 
descriptive annotations, including details as to the type 
of approach, grasp, postural changes, etc. 

Form B contains a figure representing the part of 
the table surface nearest the reactor, drawn to scale, 
including such of the guidelines as arc most helpful 
in orientation. On this figure (similar to those illus- 
trated in Halverson’s monograph, p. 175) may be 
plotted the route of an approach to the pellet. Below 
this figure, on a straight line representing the table 
surface in cross-section view, is drawn the vertical 
profile of the approach, showing the distance of the 
hand above the table top throughout its advance. The 
point of reference for charting in each case is the tip 
of the index finger of the approaching hand; the 
position throughout the approach is obtained by still- 
ing the successive frames and plotting the position in 
each one. 

Other forms are used for more detailed analysis of 
specific parts of the behavior, and are designed to 
permit of entering the significant details of the response 
as shown by all the individual members of a group on 
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a single page. Ill the present study, for example, 
Form C was used for a detailed analysis of the initial 
approach, and Form D for the first successful prehen- 
sion of the pellet. 

The time measures are obtained by counting the 
clicks of the shutter on the projector as it exposes 
successive frames. The cameras have been carefully 
adjusted to give an initial speed of slightly more than 
16 frames a second, which decreases slightly at a 
uniform rate as the camera continues to run. Timing 
during the 40th second of operation, which represents 
the end of our longest episodes, has shown the number 
of exposures during that second to be, in the case of 
none of the cameras, fewer than 15.5. Thus, by count- 
ing each click of the shutter as marking off 1/16 second, 
the maximum time error is 1/32 second, which is quite 
accurate enough for the type of behavior studied. 

The method of procedure in analyzing a photo- 
graphed episode is as follows: The episode is run off 
once or twice at normal speed to obtain a clear idea of 
the nature of the total response. It is then run through 
slowly to obtain details as to the direction of the 
reactor’s regard throughout the episode for the 
different objects specified on the form. The pro- 
jector is run at a moderate rate of speed, the 
clicks of the shutter being counted, until the first shift 
of regard occurs, when the film is stopped, and the line 
representing the duration of the first regard is drawn 
on the appropriate ordinate. This is continued for 
each successive regard. The episode is then run 
through again in the same way to chart the responses 
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of the right hand relative to the pellet, and again for 
the left hand, approach movements being charted as 
straight lines; withdrawal, or activity preliminary to 
an approach, by waved lines. The instant of establish- 
ing contact with the pellet is marked by a short 
horizontal dash in the “contact” column, while the 
items of closure, grasp, etc., arc indicated by straight 
time lines. Another slow and interrupted running 
through of the entire episode permits the descriptive 
data tc? be entered on the record, in as much detail as 
necessary. 

I terns of the response wh i cii a re to be stud i ed 
individually arc made the subject of a frame-by-frame 
analysis. The diagrams of approach, already 
mentioned, and the analysis of specific approaches and 
grasps are made in this way. When the analysis is 
completed, the entire response, in its significant details, 
has been reduced to a series of charts and tables, in a 
form which permits of making any desired comparison 
with the responses of other reactors. 



IV 

RESULTS OF THE EXPERIMENT 

A complete act of visual-motor prehension is made 
up of three essential parts: (1) the visual perception 
of the object — the regard; (2) the directing of the 
hand toward the object to establish contact — the 
approach ; (3) the closing of the hand on the object — 
the grasp , or closure. This division has been used as 
the basis for the analysis of the data obtained in the 
present experiment. 

The Analysis or Regard 

All the reactors, with the exception of a single case at 
20 weeks, definitely regarded the pellet. This means 
90% of cases at 20 weeks, and 100% at all other ages. 
These figures are at variance with the earlier findings 
of Gesell (10, p. 104) and even more with those of 
Linfert and Hicrholzer (19). Gesell assigned success 
on this test a BT rating at 6 months, on the basis of 
its having been passed by between 30 and 65% of the 50 
cases studied. Linfert and Hierholzer found it to be 
passed by only 36% of infants at 6 months. The size of 
the pellet which they used is not reported, but it is 
extremely unlikely to have been smaller than the one 
used in this experiment. 

Three probable reasons suggested themselves for the 
differences between the results obtained here and those 
of the two investigations cited: (1) The cinema 
records probably show a number of transient regards 
for the pellet which would be overlooked in trying to 

[ 151 ] 
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observe the original response alone. (2) The procedure 
in both the cases mentioned included using every 
possible means of drawing attention to the pellet, such 
as moving it about on the table, lifting it up and 
replacing it, tapping near it with the linger, etc. It 
seems likely that these methods would have the result 
of distracting the infant’s attention from the pellet 
rather than the desired result of calling attention to the 
small test-object. (3) The simplified conditions under 
which the pellet was presented in the present experi- 
ment reduce the number of possible distractions and 
make the pellet a relatively more conspicuous object. 

As a matter of fact, preliminary investigation by 
other members of the Clinic staff, based on dictated 
records of the responses of 16-wecks children to the 
pellet, presented under conditions similar to those 
herein described, indicate that even at that age tie finite 
regard is found in from 40 to 50% of cases. Thus the 
balance of probability favors the explanation in terms 
of the conditions of presentation. No other investi- 
gators than those named have reported data on the 
regard for an object of comparable size to the pellet. 

At all ages except 20 weeks the pellet was regarded 
more frequently, and for a longer period of total time, 
than any other object of the four charted — the pellet, 
the infant’s own hands, the examiner, and the general 
environment. At 20 weeks the environment received 
slightly more attention than any other object — that is, 
there was move looking around at that age, while the 
pellet and the examiner received an approximately 
equal amount of attention. 
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FIGURE 1 

Percentage of Total Amount of Regard Directed toward 
Pellet (P), the Environment (Env.), the Examiner 
(■£*■•), and the Reactor’s Hands {PI) 


Figure 1 presents in graphic form the percentage of 
the total amount of regard, in terms of time, for these 
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four objects at all ages. 3 It will be seen that the 
relative amount of time of regard for the pellet shows 
a sharply rising curve up through 36 weeks, with a 
slight drop at 44 weeks, and a sharper drop nt 52. This 
drop in the highest age groups is due in the main to 
the increased efficiency in grasping, which results in a 
shorter period of regard before the pellet is secured, 
and to the increasing tendency (especially marked at 
52 weeks) to transfer the gaze from the pellet 
immediately after it is secured as it is being carried to 
the mouth. 

The examiner’s presence evidently docs not have as 
much of a distracting effect as might have been feared. 
After 20 weeks she receives relatively little attention, 
most of it going to the pellet, with the environment a 
low second. After 36 weeks she gets no attention at all 
until after the pellet has been secured. 

The nature of the regard for the reactor’s own hand 
is of especial interest in view of the prominent role 
which it presumably plays in the early development 
of visual grasping. The hand is at all ages the least 
regarded of any of the four objects, both in the number 
of times it is regarded and in the amount of regard it 
receives, and it receives an almost negligible amount of 
attention after 28 weeks. Reaching zero at 36 weeks, 
there is a slight reappearance at 44, at which age, for 

a Thc number and length of the tables constructed in the course 
of this experiment for the purpose of organising data make it 
impracticable to publish here more than a few of especial importance. 
The original data are on file, and will lie available for examination 
by any interested person at any time. 
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reasons that will be discussed later, there is occasionally 
a little greater difficulty in securing the pellet than at 
36 weeks; as prehension is rapidly perfected after this 
time, regard for the hand again passes out of the 
picture, 

Because of the hypothetical importance of the visual 
associations being formed between hand and object at 
the early age levels, it is of interest here to analyze the 
shifts of regard between the hand and the pellet. This 
is done in Table 3. 


TABLE 3 

Shifts of Regard between Hand and Pellet, for All Cases 


Age group 

Shifts of regard 

20 

28 

32 

36 

44 

52 

Peilet to hand 

3 

0 

1 

0 

0 

0 

Hand to pellet 

1 

0 

0 

0 

l 

0 

Pellet to hand to pellet 

4 

4 

0 

0 

2 

0 

Hand to pellet to hand 
Hand, neither followed 

0 

0 

0 

0 

0 

0 

nor preceded by pellet 

U 

2 

2 

0 

0 

0 


■ 





. — 

i— 

Total 

20 

6 

3 

0 

3 

0 


The 20-weeks infant looks frequently at his hands 
without apparent association with the object; but in a 
good proportion of cases regard for the hand immedi- 
ately follows regard for the pellet, and in slightly more 
than half these cases attention returns to the pellet as 
the next object after the hand has been fixated. This 
shifting of regard from pellet to hand to pellet comes 
out even more prominently at 28 weeks, where, 
however, the hand is less often fixated than at the 
earlier age. Attention, as would be expected, seldom 
goes from the hand to the pellet unless the pellet has 
been the last previous object of regard. 
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Types of Regard for the Pell el. A distribution of 
all the separate regards for the pellet occur ring at the 
various age levels, in terms of their duration, reveals a 
striking characteristic of this response at the earlier 
ages (Tabic 4), Clearly marked at 20 and 28 weeks, 
and almost as clearly at 32, is a tendency for the 
individual regard to fall within one of three definite 
and separated time divisions, This tendency permits 
us to speak of three types of regard, as far as these ages 
are concerned — Iransienl regard, brief regard, and 
prolonged regard. 

. .At 20 weeks, about three- fourths of all regards are 
of the transient variety, lasting for 1 x /i seconds or less, 
and there is a full second between the upper limit of 
this group and the lower limit of the next higher group, 
in which the duration is from 2 x /i to 5 seconds, In 
addition to these two groups there is an occasional 
regard which lasts somewhat longer — two, in the 28- 
weeks infants represented here, both of more than (P /2 
seconds. 

At 28 weeks the upper limit for transient regard, as 
well as both the upper and lower limits for brief 
regard, are second above those of the youngest 
group. At 32 weeks the total number of regards is 
smaller, and the median duration somewhat longer; 
the three groups appear, however, within approxi- 
mately the same limits as before. Above 32 weeks the 
wider distribution of time intervals, and the increasing 
effect of other factors of the total response upon the 
duration of regard, render less serviceable the differ- 
entiation upon the basis of these three types. 
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TABLE 4 

Duration of All Regards for the Pellet 


Age in iveekg 

Time in seconds 

20 

28 

32 

36 

44 

52 

1/16- i/z 

20 

3 

1 

1 



9/16- 1 

12 

2 

2 


l 

1 

i i/i6- 1 y 2 

4 

5 

1 

1 

l 

2 

1 9/16- 2 


6 

1 

1 

l 

2 

2 1/16- 2 



1 



2 

2 9/16- 3 

3 



1 

2 

2 

3 1/lfi- 3 }4 

1 

4 

5 



2 

3 9/16 - 4 ' 

2 

2 


1 

2 

1 

4 1/16- 4j4 

2 

1 

2 

1 

2 

2 

4 9/16- 5 

1 

I 


1 


1 

5 i/i6- sy 

5 9/16- 6 


2 

1 

1 

I 


6 1/16- 6]/z 



I 

1 

1 


6 9/16- 7 

7 1/16- 7^ 

7 9/16- 8 

1 


1 


1 

I 

S 1/16- 8^ 

8 9/16- 9 




1 

1 


9 1/16- 9^ 

9 9/16-10 

1 

1 



1 

1 

- 10 1/16-lOJ^ 

10 9/16-11 




1 

l 

1 

11 1/16-1 1J^ 

H 9/16-12 




1 

1 


12 1/16-12^ 

12 9/16-13 




I 



13 1/16-13^ 

13 9/16-14 





1 


14 1/16-14J4 

14 9/I6-I5 







15 1/16-15J4 

15 9/16-16 



1 


1 


16 1/16-16^4 

16 9/16-17 



1 




17 1/16+ 




1 

2 


To ml 

47 

27 

IS 

1+ 

20 

18 



TABLE 5 




Median Duration of All Regards 

FOR 



the 

Pullet. at All 

Ages 



Weeks 


Med i n n 



M.V. 


20 


.68 



1.12 


28 


1 ,S3 



1.62 


32 


3.35 



2.74 


36 


5.25 



3.89 


44 


5.75 



4.70 


52 


3.13 



1,87 
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TABLE 6 

The Three Types op Regard 
Median Duration at 20, 28, and 32 Weeks 


Weeks 

Transient 

regard 

Uriel 

regard 

J*mIunEc<l 

regard 

20 

A 6 

3.75 

8.0 

28 

US 

3.88 

9.25 

32 

1,25 

5.25 

15.75 


Transient regard is the prevailing type at 20 weeks, 
and in a lesser degree at 28 weeks, It seldom initiates 
an approach toward the pellet, or an increase in 
activity of the arms and hands. It may occur in the 
form of an interruption as the gaze crosses the line of 
the pellet in passing along the table top; or it may 
take place with a directness which suggests that it is 
being directed toward the pellet as a result of previous 
stimulation by the same object. At 20 weeks most of 
the initial regards for the pellet, and at 28 weeks about 
half, are of the transient variety, suggesting persevera- 
tion of regard which has first been stimulated by the 
larger, moving object, the examiner's hand holding the 
pellet. 

At 32 weeks and above, transient regard, when it 
appears, is usually given to the pellet after it is secured, 
while held in the hand, or after unsuccessful attempts 
to secure it have brought about a cessation of activity 
directed toward prehension. 

Brief regard, lasting from V/i to about 6 seconds, 
covers the range in which fall the medians for all 
groups above 28 weeks (see Tabic 5)* Iti almost every 
case where it is directed toward the pellet lying on the 
table top it is accompanied by attempts at prehension, 
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and in the case of the older infants it usually persists 
until the pellet has been secured. Occasionally at 20 
weeks it may take the form of a more or less passive 
stare, but this is not characteristic of the group as a 
whole, and almost never occurs above this age. 

Prolonged regard is most likely to occur in conjunc- 
tion with repeated efforts to secure the pellet, or with 
the exploitation of it in play which occurs at some of 



FIGURE 2 

Duration of Initial Regard for the Pellet 
(Minium values (or each age) 
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the older ages. It may occasionally partake of the pas- 
sive staring quality already mentioned at 20 weeks, but 
a long regard so seldom occurs nt this age that it must 
be considered an atypical response. 

The initial regard for the pellet, the first regard fol- 
lowing the presentation, is the one for which conditions 
are most comparable for all cases. The median values 
for this regard at the different age levels are charted in 
Figure 2, The curve rises sharply, with marked ac- 
celeration, from 20 through 36 weeks. The drop at 44 
weeks is associated with the increased difficulty in 
securing the pellet, which has been mentioned earlier. 
The hand closes on the pellet and is drawn back with- 
out having grasped it; the regard follows the hand, as 
though successful prehension had actually taken place, 
and only after the discovery that the pellet has not been 
obtained does it return to the test-object. At 52 weeks 
a short initial regard usually ends in successful pre- 
hension and quick disposal by carrying the pellet to the 
mouth. 

On Figure 3 arc charted the values for the average 
of the longest, the shortest, and the median regards, 
for all cases at each age. In general, the curves for 
these values show approximately the same form that is 
taken by the curve for initial regard, the most marked 
difference being the rise shown for the average of the 
longest regards at 44 weeks. The drop at 52 weeks 
has been accounted for above. 

Summary of ike Development of Regard. The pro- 
cess of development which takes place in connection 
with regard for the pellet during the age range covered 
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by this study, and under the conditions here established, 
is manifested chiefly in three ways: 

1, Through a relative increase in the number of 
regards for the pellet and in the amount of time it is 
regarded, as compared with other objects of attention, 
This shows a definite increase from 20 weeks through 
44 weeks, 

2. Through an increase in length of the individual 
regards. This also reaches its peak at 44 weeks, 

3- Through an increase in the number of regards 
accompanied by activity directed toward securing the 
pellet. This advance takes place mainly between the 
ages of 20 and 28 weeks. After 28 weeks, practically 
all regards up to the tirpe of successful prehension are 
accompanied by one or more approaches. 

The characteristic attcntional response at 20 weeks, 
following the presentation of the pellet^ is a transient 
regard for the stimulus object, succeeded by a rela- 
tively large number of shifts of attention, in the course 
of which the pellet is again regarded one or more 
times. Most of these regards last less than i}4 seconds, 
and are unaccompanied by any effort to secure the 
pellet. A few, occurring in the case of about half the 
reactors at this age, last for from 2/4 to 5 seconds, 
usually with some attempt at prehension. Regard of 
longer duration occurred only twice in this group; in 
one case it was accompanied by a number of abortive 
approaches to the pellet, and in the other by no de- 
finite prehensory movements. 

At 28 weeks the total number of regards is fewer, 
and the individual regards tend to be longer. Tran- 



DEVELOPMENT OF PINE PREHENSION 


163 


sient regal'd Is still more frequent than either brief or 
prolonged regard, but is likely to last from 1 to 2 sec- 
onds and to be accompanied by one or more longer re- 
gards, Passive regard, without attempt at prehension, 
has almost disappeared by this age. 

From 32 to 44 weeks the increase in duration of re- 
gard continues, along with increasing intensity of the 
efforts to secure the pellet. By 44 weeks, the first of 
the age levels studied at which all reactors achieved 
successful prehension, the median duration of regard 
has risen to 5^4 seconds, while the median length of 
the longest regard for all cases was nearly 12 seconds, 
There is a greater degree of variation in the length of 
regard at this age than at any other, corresponding 
with the greater variability shown throughout the en- 
tire response. 

Between 44 and 52 weeks the several parts of the 
act of prehension develop into one smooth and efficient 
response. Nearly all reactors at 52 weeks secure the 
pellet within two or three seconds, and inspect it only 
briefly before carrying it to the mouth. Thus the total 
number of regards at this age, and the average duration 
of regard, both show a falling off from the 44-weeks 
figures. Regard can no longer be considered as signi- 
ficant in itself, aside from its relationship to the total 
response. 

Regard for other objects than the pellet also shows 
growth changes, The greatest attention for the human 
factor in the situation — the examiner — occurs at 20 
weeks, and shows a marked drop thereafter. At 20 
and 28 weeks there is occasional tendency for the gaze 
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to shift between the infant’s own hands and the pellet. 
The recurrence of this response at 44 weeks is in a form 
which suggests that it is a different type of response 
than in the cases seen at the earlier ages. 

The Development oe Approach 

By an approach to the pellet is meant any movement 
of the arm in the direction of the pellet, accompanied 
by regard for it, which, because of the qualiLy of regard 
or the definiteness of the movement, seems to he di- 
rected toward establishing contact with it. Actual con- 
tact need not take place for a response to be classified 
as an approach; in this way the use of the term here 
differs from “reaching,” as used by Jones (16) and 
others to include only such approaches as result in 
successful prehension. To avoid some possible con- 
fusion in comparing these results with those of others, 
the term “closure” has also been used in preference to 
“grasp" for the closing of the hand in an attempt to 
secure the object. “Grasp” connotes success in attaining 
the object, and is also widely used in a sense which in- 
cludes the approach itself, and is partially or entirely 
synonymous with “reaching.” 

Thus the term "approach” includes the more primi- 
tive types of groping response as well as more direct 
reaching. In one case, at 32 weeks, the approach was 
apparently stimulated by contact alone; in all other 
cases it was initiated by regard. 

Hal verson (14) distinguishes three types of ap- 
proach which he has described as "(1) the backhand 
approach, in which the hand sweeps outward anil for- 
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ward toward the cube in curvilinear manner, with the 
ulnar edge of the hand leading, (2) the circuitous ap- 
proach j in which the hand in advancing moves outward 
laterally during the first part of the approach and in- 
ward toward the midline of the table during the latter 
part, thus describing an arc, and (3) the straight ap- 
proach ... (in which) the path of the forefinger, as 
seen from above, approximates a straight line.'’ He 
points out that in passing from the lower to the higher 
levels of age, the path of approach shows an increasing 
directness, so that the backhand and circuitous ap- 
proaches of the younger infants resolve into the straight 
approach of the older ones. 

This classification is adequate, and emphasizes the 
most significant phase of behavior growth manifested 
in the development of approach — the increasing 
economy of movement as the infant grows older. The 
backhand approach does not represent a distinct type 
on the same basis as the other two. It may be either 
circuitous or straight, and it occurs only when the hand 
starts from a position across the line in which the pellet 
is located, or when its initial position is one in which 
the radial side of the hand is nearest the table edge and 
approximately parallel with it. 4 

The response may be classified also in terms of its 
vertical profile (see p, 148). On this basis Halver- 

4 "Wc might have adopted the plan of starting all situations by 
placing the infant’s hands at predetermined points on the table or 
at his sides, were we certain that such demands on the infant would 
not interfere with or hamper his characteristic reactions” — Halverson 
(14). For the same reason no such procedure was used in present- 
ing the pellet, 
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son distinguishes the loop approach, the pi an iny ap- 
proach, and the slide approach. The slide approach is 
one in which the hand moves forward on the table top 
during the advance. In the other two types, the hand 
is raised above the table. A planing approach is one 
in which the downward movement toward the pellet 
starts from a relatively early point in the approach; 
the hand as it comes down to the table at the end is still 
moving forward. In the loop approach the direct 
downward movement toward the pellet does not begin 
until the hand is relatively close to it, so that the ver- 
tical profile shows a distinct drop at the end. 

The criteria for the planing and loop approaches 
tend to overlap, but a satisfactory differentiation may 
usually be made. 

The results of the present experiment do not suggest 
the need for creating new categories of approach, and 
Halverson’s terms have been retained here. Oc- 
casional responses are atypical and resist classification 
in these terms," but these are so rarely met with that it 
is convenient to describe the behavior rather than to 
multiply categories. 

Approach and Contact. The number of approaches 
at each age is analyzed in Table 7, together with the 
number which result in actually establishing contact 
with the pellet. The efficiency of approach in this re- 
spect is seen to rise very rapidly during the period 

D One reactor at 52 weeks, for example, uses a sort of hand-crawl. 
The hand literally crawls forward on the lingers, with a slight rock- 
ing movement from side to side. The hand remains in contact with 
the tabic throughout, but docs not slide. 
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from 20 through 32 weeks, from which time only one 
or two approaches at each age level fail to result in 
contact 


TABLE 7 

Approach and Contact at All Ages 


Age ill weeks 

20 

28 

32 

36 

44 

52 

No, of reactors approaching pellet 

6 

9 

10 

10 

10 

10 

Percentage oF reactors approaching 

Total no, of approaches 

60 

100 

100 

100 

100 

100 

20 

66 

30 

31 

63 

15 

Average no. of approaches 

Percentage of reactors approaching 

2 

7.4 

3 

3.1 

6.8 

1.5 

with contact 

30 

100 

100 

100 

100 

100 

Total no. of approaches with contact 

3 

38 

28 

30 

66 

14 

Average no, of approaches with contact 

.3 

4.2 

2.B 

3.0 

6.6 

1,4 


The greatest difficulty is encountered by the reactors 
at 20 weeks. Only 60% of these approach the pellet at 
all, while only half of those who do approach succeed 
in touching it. Two of the three contacts at this age 
occurred with the pellet in the near median position. 
There were no cases of successful prehension. 

The failure to establish contact may be due («) to 
misjudgment of the distance, or ( b ) to failure to co- 
ordinate the movements of the different muscle-groups 
involved. 

An example of failure through faulty coordination 
is found in the case of a 20- weeks reactor who made 
a number of abortive approaches to the pellet. In one 
of these the left hand started its approach from a posi- 
tion in which it was drawn back and to the left, with 
the hand raised about 8 inches above the table surface, 
so that the establishment of contact with the pellet 
would require simultaneous or successive flexion from 
the shoulder and from the elbow (the pellet is in the 
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near position, 3 inches from the table edge) and a 
lowering of the whole arm from the shoulder. In the 
second frame of the approach sequence the hand and 
arm have begun to be lowered, but the third frame 
shows that instead of flexing, the forearm has begun 
to extend, carrying the hand farther from its objective 
rather than nearer. Frames 4 and 5 show completion 
of the movement in this way to the table surface, with 
the hand in a plane 1 or 2 inches farther from the pel- 
let than at the beginning. The entire approach is com- 
pleted in the five successive frames — that is, in 5/16 of 
a second. 

Misjudgment of distance is about equally important 
at 20 weeks with faulty coordination. Most approaches 
fall short of the pellet by distances of from '/ inch to 
6 or 8 inches. These longer distances usually result 
from failure to coordinate, as in the example cited, but 
are sometimes due simply to an unexplained inhibition 
of the response after it has begun. 

Adjustment to complete a response that has overshot 
or undershot its mark is not found at 20 weeks. The 
attempt to approach is in such cases either abandoned 
temporarily or permanently, or the hand is drawn well 
back for a second approach. 

At 28 weeks inability to coordinate the movements 
properly does not play a large part. Infants at this 
age seem able to complete a response from almost any 
starting position. The speed with which the ap- 
proaches are made is probably the greatest factor in 
causing misjudgment of distance. As in the case of 
20-wccks infants, the failure lo establish contact usually 
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leads to a new start rather than to an adjustment of the 
hand to complete the distance, Slightly more than 
half the 28-weeks approaches are successful in con- 
tacting the pellet. In only one case was there success- 
ful prehension, although 5 of the 9 reactors closed on 
the pellet. 

Failure to contact, in the very few instances in which 
it occurs above 28 weeks, has very often a deliberative 
quality; as the hand approaches there is a pause, fol- 
lowed by a slight readjustment of the hand and a new 
approach ill a manner permitting better grasping. 
Failure never has the aspect of being due to faulty 
muscular coordination, although even at 36 and 44 
weeks it may be the result of too precipitous an ap- 
proach. 

Directness of Approach. The first approach has 
been singled out for special consideration because it is 
the one for which conditions are most nearly similar 
for all cases. The outstanding uncontrolled factor af- 
fecting the form of this approach is the initial position 
of the reactor’s hands, which, for reasons already stated, 
was not predetermined. This factor is itself, however, 
to some extent a function of behavior growth as well as 
physical growth. The infants up through the age of 
36 weeks tend to hold the hands near the table edge, 
or drawn in against the body, as observed also by 
Halverson. At 44, and especially at 52 weeks, one or 
both hands usually is extended well forward on the 
table. 

We measure the directness of approach in terms of 
two values*. (1) the maximum distance by which the 
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path of approach diverges from a straight line; (2) 
the maximum height of the approach. 

The first value is obtained from the chart showing 
the route of approach, by drawing a straight line from 
the starting position to the position of the pellet; the 
amount of maximum divergence is the greatest per- 
pendicular distance from this line to the curve of ap- 
proach. The maximum height of approach is shown 
directly on the vertical profile. 

The average values for these two items are charted 
in Figure 4. The curve representing maximum height 



Directness or Approach 
Maximum height of initial approach (average) 

Maximum divergence of initial approach from ft straight 
line (average) 
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shows the most definite gradation during the age 
range studied, reaching its highest point between the 
ages of 28 and 36 weeks, and dropping sharply at 44 
weeks. One reason for the low 20-weeks figure is 
perhaps the relative lack of muscular strength at that 
age. 

The curve for the average divergence from a straight 
line also shows a dropping off toward the upper age 
levels, representing a straightening out of the ap- 
proach. The drop at 32 weeks is probably accounted 
for by certain characteristics of the total approach at 
that age. A large number of quick slapping or raking 
approaches occurs among these children, starting with 
the hand held high (the average maximum height is 
highest in this group) and descending sharply in 
almost a straight line, to the tabic, near the pellet. 
At this age also, in some cases, the hand starts from a 
position farther to the side than at most other ages, 
and is brought forward and outward toward the pellet 
extended almost to full length. The larger arc that it 
thus describes comes closer to a straight line than 
would otherwise be the case. 

Stariing-Time and Duration of Initial Approach. 
These values are given in Table 8. 

TABLE 8 


Starting -Time and Duration of Initial Approach 


Age in weeks 20 

28 

32 

36 

44 

52 

Average time from end of presentation 
■to initial approach, in seconds 2.6 

—.45 

.65 

—1.22 

1.07 

,5 

Average duration of initial approach .73 

,98 

.94 

1.35 

1.40 

1.33 
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At 20 weeks, approach is a much less characteristic 
part of the total response than at any higher age level, 
and is thus slower in appearing after the pellet has 
been presented, When it does appear it is of a very 
rapid and, as we have seen, poorly controlled sort. By 
28 weeks approach is so definitely established that the 
child tends to anticipate the placing of the object, and 
reaches for it before it has left the examiner’s hand. 
This tendency is even more strongly marked at 36 
weeks, where the approach is usually begun almost as 
soon as the examiner’s hand begins to move forward. 
The 44-weeks reactors regard the pellet longer before 
beginning to reach for it than any other group above 
the age at which approach becomes universal. 

The types of approach in terms of the vertical pro- 
file are listed in Table 9, The dominance of the loop 
approach at the period from 28 through 36 weeks 
begins to disappear at the latter age, and is followed by 
an increase in the number of planing and sliding ap- 

TABLE 9 

Tyres or Approach in Terms or tub Vertical Profile, Based 
on thii Initial Approach or All Cases 

Arc ill weeks 20 28 32 36 *14 52 

Slide 2 0 10 12 

Plnne 111242 

Loop 1 7 8 4 2 3 

Combined loop-slide 2 1 I 1 I 0 

Combined plane-slide 0 0 0 3 1 2 

Other forms 0 0 0 0 0 1 


proaches and their combinations. The planing type 
may be said to be in general the most efficient and 
direct of all these types, except in cases where the dis- 
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tance of approach is so short that the hand can be easily 
and quickly slid over the object. 

Bilateral A p p ro ac !u b i I a tc r a l ft p p mac h is co m- 
monest at 20 weeks, where 4 of the 6 initial approaches 
arc of this type. There are two each at 28 and 32 
weeks, and one each at 36 and 44. Three types of bi- 
lateral approach may be differentiated : ( 1 ) simul- 
taneous, (2) successive, and (3) partial. In the 
simultaneous bilateral approach, both hands are in 
forward motion at the same time. In the successive 
bilateral type the second hand starts as the first hand 
ends its approach. A partial bilateral approach is one 
in which the approach of one of the hands is inhibited 
part way to the object while the other continues. 
Simultaneous bilateral approach, the most common at 
20 weeks, tends to be supplanted by the partial bilateral 
and then the successive bilateral as age increases. 

Sunt wary. The development of approach to the 
pellet shows the following changes taking place: 

1. Increased accuracy in making contact with the 
object, occurring between 20 and 2H weeks, from which 
latter age practically every approach leads to contact, 

2. Increasing directness of approach from the start- 
ing position to the object, shown by (a) a lowering of 
the average vertical height of the approach, (/>) in- 
creasing tendency of the path of approach to approxi- 
mate a straight line, and (r) a change in the charac- 
teristic form of approach, from the loop to the planing 
type. 

3. A gradual but definite increase in the duration 
of the approach, accompanying an increase in ef- 
ficiency , 
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FIGURE S FIGURE b FIGURE 7 

Figure' 5: 2N Week* — Circuitous IMsme-Klule Approach ( I lu- pellet 
)kis ht'cn (li.spluccd frnni the pox'ti'nn . ) 

Figure b: 42 Weeks — Circulation Loop Approach 

Figure 7; 40 Weeks — Cireuiu'us Flailing Approach 
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Figures 5 to 8, inclusive, illustrate successive stages 
of characteristic approaches at various ages. These 
pictures bring out many of the points that have been 
discussed as showing the behavior growth in this 
particular phase of prehension. Figures 6 and 8, each 
illustrating a loop approach, but with an interval of 
12 weeks between the ages represented, show the strik- 
ing increase of control that takes place in the response 
during that relatively short length of time. 

The Development of Grasp 

By the term "closure” is meant, in this discussion, 
the closing of- the hand, or the flexing of the individual 
digits, in such a manner that if the movements are suf- 
ficiently well coordinated the stimulus- object will be 
secured. "Closure” is preferred for the general term; 
“grasp” wiU be used mure specifically to refer to suc- 
cessful prehension. 

The number of closures and the number resulting in 
successful prehension at the several age levels are given 
in Table 10. 

TABLE 10 

Closure and Successful Prehension 


Age in weeks 

20 


32 

36 

4+ 

52 

No, of reactors closing 

1 

5 

10 

10 

10 

10 

Percentage of renctors closing 

10 

56 

100 

100 

100 

100 

No, of re actor a securing 

0 

1 

7 

8 

to 

10 

Percentage of reactors securing 

0 

11 

70 

80 

100 

100 

Total no. of closures 

1 

29 

36 

21 

+8 

14 

Average no. of closures 

.1 

3.2 

3.6 

2,1 

+.3 

1.4 

Total number of successful grasps 

0 

1 

13 

9 

26 

12 

Average no, of successful grasps 

0 

.11 

1,3 

.9 

2,6 

1.2 


In comparing these figures with those which have 
been given for the other phases of prehension, it will 
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he seen that the ability to secure the pellet, under the 
conditions of this experiment, ls the last stage to be 
perfected. It does not appear in all the cases of any 
one group until 44 weeks; and firm holding of the 
grasped object is not characteristic of any hut the 52- 
weeks group. 

The Types of Grasp . Halverson ( 14) has dis- 
tinguished 10 types of grasp when the stimulus object 
is a l -inch cube. The number of major types involved 
in the development of fine prehension appears much 
smaller. This is probably due in the greater part to 
the difference in the size of the objects; there arc fewer 
ways to which a very small object can be grasped than 
in the case of an object the size of the cube. It is prob- 
able, too, that the relatively advanced age at which de- 
finite prehensory response to the pellet takes place with 
any frequency tends to eliminate some of the more 
primitive forms which he found, 

The types of closure shown by the reactors in the 
present experiment are as follows, in the genetic order 
in which they occur : 

1, Whole-hand closure , in which the prone hand is 
brought to a closed list by simultaneous flexion of the 
fingers, with the thumb lying alongside the flexed 
forefinger. This is the most primitive type of closure, 
occurring in the only closing response found in the 20- 
weeks group. It is not characteristic at any of the 
higher age levels, but occurs at times even as high 
as 44 weeks, after repeated failure to secure the pellet 
has led to a regression to more primitive forms of 
response. In none of the cases studied here did it occur 
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in a form sufficiently well coordinated to lead to suc- 
cessful prehension, but in cases outside the experi- 
mental group it has sometimes been observed to do so. 

2. Palmar prehension , in which the fingers flex 
under in such a way as to drag the pellet against the 
heel of the palm, where it may be held. This is a more 
deliberate and better coordinated form of whole-hand 
closure, with some degree of finger-selection. In 
practically all the cases seen, the radial digits, with the 
exception of the thumb, are those in contact with the 
pellet. In the more primitive forms there is simul- 
taneous flexion of the fingers; but from 36 weeks there 
is an increasing tendency for the 3d, 4th, and 5th 
fingers to be flexed under at the start, leaving the fore- 
finger extended to drag the pellet back. The more this 
is the case, the more likely the pellet is to be secured 
by this form of closure. 

3. Scissors closure. This name has been assigned to 
a type of closure in which the thumb is drawn in 
against the side of the flexing forefinger in a manner 
somewhat similar to the action of these digits in oper- 
ating a pair of scissors. In this type of closure, occur- 
ing principally from 36 to 44 weeks, and in a few cases 
at 52 weeks, the pellet tends to be secured between the 
thumb and the radial side of the forefinger; properly 
coordinated, it is quite efficient in securing the pellet 
but does not leave it in a satisfactory position for 
manipulation. In its early stages it is similar to the 
superior type of palmar prehension, with the adduc- 
tion of the thumb added. It is the first type in which 
the thumb plays an active part. 
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4, Vince r prehension starts from a position similar 
to the first position for the scissors closure, that is, with 
the hand supported on the knuckles or tips of the three 
ulnar digits, and with forefinger and thumb extended. 
The forefinger does not Ilex clear under, as in the scis- 
sors type, but draws hack in such a manner that the 
tips of thumb and forefinger meet, allowing the pellet 
to be secured between them. 

At 52 weeks, where this is the most characteristic 
type of prehension, the usual form is with the hand 
raised so that thumb and forefinger come together in 
the vertical plane. There is beginning to appear, how- 
ever, a somewhat superior form of the same grasp, in 
which thumb and finger extend obliquely forward, 
with the distal phalanges, rather than the tips, resting 
on the table. This is the most common form seen in 
adults when confronted with an object about the size of 
the pellet— though many make use of the vertical 
farm — and is the most efficient of all, permitting, as it 
does, a steadier closing in of the fingers, making a 
larger area of their surfaces available for contact with 
the object. 

The pincer type of grasp appears in a few other 
variations, the most common being one in which the 
middle finger is substituted for the forefinger, and an- 
other in which the middle finger or the middle and 
fourth fingers together are brought up simultaneously 
with the forefinger as a group, thus offering a larger 
surface against which to press the object, and affording 
a firmer grasp, 

The development of closure is thus seen to be 
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marked by an increasing dominance and differentiation 
of the radial digits. This begins as early as 28 weeks, 
when the fingers neatest the pellet at the end of an ap- 
proach are in practically every case those on the radial 
side of the hand. The types mentioned tend to advance 
from one into the other by means of intermediate 
stages, forming a clearly marked developmental series. 

As was found to be the case with approach, there 
are certain atypical grasping responses occasionally 
met with, which seem to come about accidentally for 
the most part, and which do not occur with frequency 
which warrants considering them as characteristic re- 
sponses. The pellet, for example, may occasionally be 
secured between the second and third fingers, or be- 
tween other pairs of digits, in making an adjustment of 
the hand which brings the fingers together. In such 
cases it is never retained for more than a second or two, 
and is then usually approached again with a more char- 
acteristic form of closure. 

Table 11 lists some of the more significant aspects 
of the first successful prehension based on all cases 
giving this response at each age level. These data sug- 
gest the following conclusions : 

1. The pellet is not secured as a characteristic re- 
sponse at any of the age levels studied below 32 weeks, 
and not in 100% of cases until 44 weeks. 

2. There is little variation in the length of time it 
takes the infants, at whatever age, to secure the pellet, 
using any type of closure. Those of 36 weeks tend to 
take slightly longer than those of other ages. 

3. From 32 weeks on, the pellet, if secured at all, is 
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TAHUC M 

Analysis of First Successful Prehension r«R All Cases 
Securing Pellet 


Arc in weeks 

2S 

u 

Hi 

■H 

52 

No. of reactors securing 

1 

7 

S 

10 

10 

Average lime required to secure 

(from end of (i resent a lion) 

2.S 

2.6 

3.3 

2.5 

2,6” 

Avcratc no. of approaches 

preceding 

7 

u 

1.5 

1.6 

U 

Avenme no. of closures 

l 

1.9 

\.i 

l A 

fA 

Types of successful closure; 

whole-hand 

1 

0 

i) 

0 

0 

palmar 

0 

s 

2 

0 

0 

scissors 

U 

I 

5 

9 

+ 

pinccr 

0 

a 

0 

1 

5 

other forms 

0 

i 

1 

0 

I 

Average lime retained 

l.S" 

2.2" 

2.9" 

2-1" 

5 A" 

Disposal: 

Dropped 

1 

7 

5 

9 

2 

Transferred lo oilier hand 

0 

l 

2 

0 

2 

Held ami inspected 

0 

2 

2 

3 

a 

Carried to mouth 

0 

l 

2 

2 

6 


likely to be secured on the first or second approach, 
and on the first or second closure, 

4. The whole- hand closure is extremely unlikely to 
secure the pellet, 

5. Palmar prehension occurs characteristically at 32 
weeks, and occasionally at 36. When found at 28 
weeks it is unlikely to succeed. Above 36 weeks it is 
not likely to be used as a preferred form of grasp. 

6. The scissors type of closure begins to appear at 
32 weeks, in primitive form. It is the preferred type 
at 36 weeks, and especially at 44, and one of the two 
preferred forms at 52 weeks. 

7. Pincer prehension is a relatively superior form 
of grasp, which is not characteristic of any age below 
52 weeks, although it may occur earlier. 

8. Fifty- two- weeks infants tend to secure the pellet 
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more firmly than those at any younger age, to judge 
from the average length of time retained and the num- 
ber of times it is dropped. 

9. All reactors 32 weeks of age or younger drop 
the pellet after holding it a short time. Of the older 
infants, those of 44 weeks almost invariably drop it. 

10. The tendency to hold the prehended pellet and 
inspect it, and the tendency to carry it to the mouth, 
are most strongly marked at .52 weeks. 

The seemingly paradoxical fact that infants of 44 
weeks are less efficient in securing the pellet firmly 
than are those 8 weeks younger is due in part to the fact 
that they tend to use a more advanced type of closure 
which has not by that age been sufficiently perfected. 
Personality factors enter in as well; the 44-weeks re- 
actors show more excitement over die situation, as well 
as more interest in exploiting the pellet in play, than 
do those of any other age. Failure to grasp results 
more quickly in increased rapidity of movements, and 
frequently in a regression to more immature types of 
approach and closure than is the case with the slightly 
more stolid infants of 36 weeks. 

Reasojis for Failure to Secure Pellet. The more 
common reasons for failure to secure the pellet include 
the following: 

1. Failure to approach. This explains the lack of 
grasping for nearly half the cases at 20 weeks, but none 
at any other age studied. 

2. Failure to make contact with the pellet. This 
likewise accounts for no failures above 20 weeks. 
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3. Failure to close the hand for grasping. This is 
a significant item at 20 and 28 weeks, but not above. 

4. Faulty coordination of the closure. In the case 
of hole- hand closure, this frequently takes the form 
of letting the pellet slip between the fingers as they are 
flexed under. Closure of this type is likely also to he 
accompanied by a premature withdrawal of the hand 
which draws it away from the pellet before it can be 
grasped. In palmar prehension also there is a tendency 
to draw the hand back a little in closing, resulting in a 
slight pivoting on the thumb. This imparts a circuit- 
ous movement to the index finger as it flexes, causing it, 
in a number of cases, especially at 36 weeks, to pass 
around outside the pellet without pulling it hack. A 
•similar tendency accounts for the failure of several 
closures of the scissors type, and, in some of the earlier 
attempts, of the pincer. 

5. Substitution of a raking or pawing response for 
closure. This is most characteristic at 32 weeks, but 
shows a recurrence in several cases at 36 and 44, 
especially after repeated failures to secure or to retain 
the pellet. The most frequent result is dragging or 
knocking the pellet from the table, after which, under 
the conditions of the experiment, no further attempt 
to grasp is allowed. 

Figure 9 shows the complete course of a typical scis- 
sors grasp, in the case of a 3 6- weeks -old infant. In ( 1 ) 
the index finger is extended and raised, preparatory to 
closure, while the thumb is extended on the table top 
beyond the pellet. (2) and (3) show the closure, the 
forefinger being flexed under, d ragging the pellet, as 




Itt-l (Jhs’i-.nu r.svciioM«;v .MO-vcxaiAinis 

Lite thumb is drawn in against it, (4) show's the pellet, 
held precariously between the lip of the thumb and 
the side of the forefinger, being lifted and inspected. 
It will be observed that the cooperating activities of 
the non-grasping hand are in this reactor still incom- 
pletely inhibited by ibis age, 

Figure 10 is the picture nf a 5 2 -weeks reactor secur- 
ing the pellet by means of vertical p'meer prehension. 
In comparison with the illustrations showing infants 
of other ages, this picture represents strikingly the de- 
gree of control, poise, and maturity, which is charac- 
teristic of infants one year of age. 



V 

Summary and Conclusions 

' The aim of the experiment is to map out the course 
of development of fine prehension in children under 
one year of age. By fine prehension is meant the ability 
to pick up and hold objects of small size, requiring the 
smooth coordination of arm, hand, and finger move- 
ments, and the cooperation of a relatively good quality 
of visual attention. 

This ability was studied in the responses given by 
59 infants between the ages of 20 weeks and 52 weeks 
to a white pellet, 7 mm. in diameter, which was pre- 
sented under standardized conditions on a table top 
before which the infant was seated. Ten reactors 20 
weeks of age, 9 at 28 weeks, and 10 each at 32, 36, 44, 
and 52 weeks, selected from average families, of 
Teutonic or Celtic racial stock, were used in the ex- 
periment. 

The complete response of each child, up to a period 
of 40 seconds, was recorded in a motion picture of his 
behavior, These motion-picture records formed the 
basis of the study of the response, which was carried on 
by means of a motion study and frame-by-frame 
analysis of the individual records. 

The analysis was carried on in terms of the three 
essential parts of an act of visual-motor prehension — 
regard for the stimulus-object, the approach to it, and 
the closure of the hand directed toward securing it. 

The main findings may be summarized as follows: 

1. The behavior growth of the infant, as repre- 

[ 185 ] 
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sen ted by his ability to carry out the movements in- 
volved in fine prehension, reveals certain relatively 
well-defined developmental patterns in passing through 
the levels studied. These arc shown in all three of the 
phases of prehension analyzed. 

2. Regard for the pellet reflects the process of de- 
velopment through (a) a relative increase, from age 
to age, in the number of regards directed toward the 
pellet, in comparison with other objects of attention; 
(b) an increase in the duration of the individual re- 
gards; and (c) an increase in the number of regards 
accompanied by a prehensory response to the pellet. 

3. Three types of regard for the pellet are dis- 
tinguished on the basis of their duration: transient re- 
gard, lasting up to 2Yi seconds, which is the charac- 
teristic type found at 20 weeks, brief regard, from 2p£ 
to 6 seconds, and prolonged regard, lasting for more 
than 6 seconds. 

4. Transient regard is seldom accompanied by ap- 
proach or increased activity at 20 weeks, although it 
occasionally is so accompanied at 28 and 32 weeks. 

5. Brief regard is almost always accompanied by 
one or more efforts at prehension. It is the type which 
represents the median length of regard for all ages 
above 20 weeks. 

6. Prolonged regard usually occurs in conjunction 
with repeated efforts to secure the object, or with the 
exploitation or manipulation of it which occurs at some 
of the higher age levels. 

7. The occurrence of these three types of regard 
is genetically significant from 20 weeks through 32 
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weeks, where the distribution of the individual regards 
on the basis of duration show a definite trimodal dis- 
tribution which serves to distinguish them. Beyond 
3 2 weeks this trimodality of distribution is not found. 

8. The outstanding stages in the development of 
regard arc the following, at the various levels repre- 
sented in the study: 20 weeks: The characteristic initial 
response is a transient regard for the pellet, followed 
by a large number of shifts of attention between 
various other objects in the environment and the pellet. 
Most regards for the pellet are transient and unaccom- 
panied by approach; a few are of the brief regard 
type, usually with some effort at prehension. Pro- 
longed regard seldom occurs at this age. 28 weeks: 
Characterized by fewer and longer regards, although 
the prevailing type is still the transient. There is little 
passive regard, i.e., regard unaccompanied by efforts 
at prehension, from this age on. 32 to 44 weeks: Dura- 
tion of regard continues to increase, along with in- 
creased efforts toward securing the pellet and increas- 
ing success in obtaining it. By 52 weeks, regard is no 
longer significant in itself, but has become part of a 
smooth, well-coordinated prehensory response. 

9. Halverson’s classification of approach is found 
to be satisfactory for the pellet situation, as for the 
cubes Avith which he worked. 

10. Development of approach to the pellet is 
characterized by (a) increased accuracy in making 
contact with the object, rising practically to the 100% 
level at 32 weeks from 30% at 20 weeks, in terms of the 
number of reactors showing the response; ( b ) increased 
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directness of approach, shown by a lowering of the 
average vertical height of the approach, by an in- 
creasing tendency of the path of approach to approxi- 
mate a straight line, and by a change in the charac 
ter is tic farm of approach, from the loop to the planing 
type; (c) gradual but definite increase in the duration 
of the approach, accompanied by increasing efficiency 
in obtaining the pellet, 

11. The development of closure, or grasping, is 
marked by increasing dominance and differentiation 
of the radial digits. Four main types represent the 
main stages of maturity of this response: whole- hand 
closure , palmar prehension, the scissors closure, and 
the pincer type. 

12. By the age of 52 weeks the pincer type of pre- 
hension is the prevailing one, suggesting that the 
nia tu rational aspects of the development of fine pre- 
hension arc beginning to reach an end, since it is a 
form of this grasp which is most commonly used by 
adults in grasping an object comparable in size with 
the pellet. The smoothness and efficiency of the total 
response at 52 weeks is also suggestive of a relatively 
advanced stage of maturity. 

13. There is considerable difficulty in holding the 
pellet after it has been secured, in all age groups below 
52 weeks; no infants ns young ns 32 weeks continue to 
hold it for any length of time. Of the older infants, 
those at 44 weeks almost invariably drop it, 

14. Holding and inspecting the pellet, and carrying 
it to the mouth, represent the characteristic disposition 
at 52 weeks. Younger infants attempt the same dis- 
posal in many eases, but seldom succeed in actually 
getting the object into the mouth. 
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LE DfiYELOPPEMENT DE LA FINE PREHENSION DANS L'ENFANCE 

(Resume) 

Par le termc "prehension fine 1 ’ on veut dire la prehension par la main 
des objets de grandeur rclativemcnt petite, cc qui exige unc bonne coordi- 
nation dans les mouveinents plus d£licntfl du bras, des mains, ct des doigts, 
avec une bonne qualitd de cooperation visuellc. On a 6tudid le progrds 
du ddveloppement de cctte capacity pendant le premier an de In vie, cn 
analysnnt les rdponscs des enfants A un petit bonbon blonc, 7 mm. en 
diamfctre, pined sur le hnut d'une table devnnt l 1 enfant nssis dans tics con- 
ditions standardises. On a prdsentc la situation A 59 enfants, qui avaient 
I'Agc dc 20, de 28, de 32, de 3 6, de 44-, et de 52 semaines. On n fait des 
photos cindmntographiques des rdponaes, clesquelles on a obtenu les doiindcs 
employees dans cede etude par V analyse des motions ct ccile des different!* 
cliches. Les enfants out ctd des families assez moycnucs de race nlle- 
mande ct dc race ccltiquc, 

On a dtu did les donndes en termes dc regard vers Fob jet, V a p proc he A 
lui, ct la frihensian dc la main pour I’ohtcnir. On a trouvfi un regard 
vers le bonbon en 9 sur 10 enfants il 20 semaines, ct dans tous les enfants 
plus Agds. A 20 semaines la plupart des regards nc durent pas et ne sont 
pns accompngnfis d'ellorts pour obtenir Fob jet, mais In durdc des regards 
s’nccrolt rapidement avee Fafie, ct A partir de 32 semaines presque chaquc 
regard cause line rdponse de prehension, 

Le ddvclopp(ement de I’approc/ie est coracle risd d'une (1) precision plus 
frequentc dans le contact avec l'objet, laquellc devlent presque parfnite 
A 28 semaines; (2) d'une plus grande npprochc directe, maatrde par la 
plus petite distance A laquellc In main se levc au-dcssus du haut dc la 
table, par unc plus grande tendance dc la direction de l’approche vue d’en 
haut A etre appvoximativemcnt vmc lignc droite, et par un ehangemcitt de 
la forme cnracteristique de Fapproclic, du type ellipsoidal nil type pi an ant; 
(3) d’un necrait graduel mais defini dc In dunfe de Fnpproche, nccompngne 
d'une plus grande capacity d’olitcnir l’objet. 

Le ddveloppcinent de In prihnfsion cut enmetdrisd d’une plus grande 
dominance et contrdlc des doigts rndinux, finissnnt par line prdiicnsion pre- 
cise par le pence et I'index. Quntre types reprdsentent lea dtapes impor- 
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tanles de In mniurite de la rcponse.' In prehension par laulc In main, une 
rcponsc primitive arrival) t le phis aouvcnt dans Rroupes les phis jcnncs, 
laqurile ttc riussit epic rarement d ohtenir i’ohjci ; la prf /tension pahnaire, 
unc rtponse un peu mieux. coniriiljc, oil les doi^is (Wchissctu dcsxiius pour 
retircr le bonbon cl le mnitiicnit amtre la base ilc la pavnne, employee 
prlncipnlemciu d 32 et h 36 scinaincs; la prfhcnsiiin h cisenitx, nil Jc police 
eat lir£ contre 1c cdtd dc 1’index cot nine oelni-i'i Herhit (Ic.hnous, pour ohtenir 
le bonbon entre cux? ct In prehension ;) pirtces , on I'nlijcl cst pris emre !« 
bouts opposes du police et dc 1’ index. I.’dliHcrvaiiun dex enfaiils plus ariSs 
et des ndnlles snngcrc que ce dernier type de prehension ropresetilc le plus 
limit de^ri etc d4vclopp«mem dans ce champ de comporicmeni. 

A 20 surnames mil stijei iTa riussi prendre le bonbon. A partir dc 36 
semautes, ions ont riussi (I le Zaire. A 52 scinaincs, la bonne ([iialild el 
reflicience de la reponsc, resultant dans une prclicurinn raplde ct forte, 
imli<ji>ent qii’elle arrive ft un ilegri de perfection lt«)ucl erislcra nvee pen 
de chanRCipents subsequents commc one panic du comportciueiU total dc 
rindividu. 

CrtSTWKR 


DIE ENTWZCKKLUNG IMS ZlKRMCllKN FASTENS (FINE PREHEN- 
SION) »KI SAUGI.INGKN 

(Refcrat) 

Unter dem Atistlriick "zierliclics Fas sc id’ (fine prehension) vcrsieln man 
dag Iirfnsscn von rchuiv klcincn GcRcmtiindcn mil (Jcr Hand, mil Erfor- 
dernis rUgcc 25usnmmen\vi.rkuuR dcr feinuren HcwcRuHRCn vim Arm, 
Hiimlen, unit Fingeru, mill tiirluiRcr vistiellcr MUwirkuiitf. Der Kntwivfc- 
lunRSRnnR dicser Fiihiykeit wiihrctul tics er.sicn l.elirnsjalircs wurde 
uiucrsucht dnicli Analyse dcr Rcuktlonen von Stiiiicliiigcn niif cin klcincs 
tvcissca ZuckenierkkuRidolicn, un^efar 7 min. brcii, welches inner siand- 
hnftcu, bestiuimten llcdini'miRcn vor dem siuciuteu Rind auf ciiye 
Tischfliiche Relent wutde. Die Situation wurde 59 SaunlinRcii, die die 
Alter von 20, 28, 32, 36, H, nnd 52 Wochcn vcrirnicn, vorRcleRi. Die 
Rcnktioiien ivurdcn kiiienintORraphiH’li rcRtslricrr. Aiis diesen Rctflstriei- 
titiKfln crhielt man dnim dtirch (fnicrsucluinR der EeivcKuiiRun (motion 
study) nnd Analyse der ein/elueii auftuncuulcrfolRiituleti EinrichluiiRcn 
(frame-by-frame analysis) die in der UntevsuchtMR venvcmlcten Damn. 
Die Sii«|»linc?c stammten mis npproximnti v durclisrtiniiilichen Familien 
keliischen oiler tcuionischen Ursprun«s. 

Man crforschtc die Hcfundc in Jfezup; auf die lieohfichtung des Gc^en- 
standcs, die /Juaahcrmg daran, mut die U mscMic suing des CJcRcnsta tides 
mit der I-Innd uni ilm ait erlmltcn- Ik'ivbaclilmiR des KiiKclchens ’/eifite 
sich bci 9 aits 10 SiitiRliiiRen mit 20 Wochcn, irnil lici alien iillcren Satij," 
lingen. Mit 20 Wochcn sind die ])eae)ilunft;c» (regards) mcisicns llilchiim: 
uml von keincrlci Strchen lieRJeitct, den Geptcnstand zu erfasseu, aber die 
Dnucr dcr llcachtunp; nimnu mit zunchuieiulcm Alter rascb xu, uiul von 
32 Woclicil an lost fast jede HeacbimiR cine Greifrealuimi (prehensory 
response) nns. 

Die lintivickelnilR der AnniilicninKsfiihij'keU wird knrnklcrisicrt (lurch: 
(1) ximclimcnde GonnuiRkcit bid dor ICuililicrimR den Konlnkis mil (lent 
GcRenslnnd (diene GenauiRkcit tst ink 28 Woclicil sclum fast vollsiiimlii;) ; 
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(2) zunehmcnde Direktheit der Annaherung, erwicsen durch cine Vcr- 
mindcrung der Distanz der Emporncijung der Hand iibcr die Tischfliiclic, 
durch cine zunehmcnde Tendcnz des Annaherungspfndcs, von obeii gcschen, 
nach der Richmng ciner gcraden Linie, mid durch die Abandoning der 
nitfangs sclilingemmtigcn (loop) Form der Aniialicruiig in cine melir 
planierendc (planing) Art; (3) allmhMigc idler bchdmintc Ziinnhmc in 
der Behaming der Anniihcrung, vercint mit zunclmimendcr Tiichtigkeit im 
Erlangen des Gcgcnstandes, 

Die Entwickelung der Schliessiing (closure), oder ties Ergrcifcns, macht 
sieh erkermbar dutch zunehmcnde Dominant und Komrollierung durch 
die radifllcn Finger wclche in genauem Ergrcifcn init Daumen und Ziege- 
firtger (precise thumb-index prehension) knlminiert, Vier Artcn vertreten 
die wesentlichen EntwickUing&stufcti der Rcaktion; Sc/jfipjjiinp der gain cn 
Hand (whole-hand closure), eine vingeschlidene Renktinn die am (iftesten 
in den frukcrcn Altcrsgruppen stattfindet, durch die es aber sciten gclingt, 
den Gcgcnstand zu erlangcn: Ei'r/reifcil miltels Hand flitch c (palmar prehen- 
sion), eine etwns besser btherrsclile Reaktion, Vfobci sich die Finger nach 
linlen beigen so class das Kiigelchcn nncli ruckwiirti ziclicn und cs gegen 
dem untersten Tell der Handflaclie fcsthnlten— eine Reaktionsforrn die am 
of testen im Alter von 32 und 36 Wodien verwendet wird; die scherenartige 
Schliessunff (scissors closure), wolici der Daumen gegen die Scire des 
Zcigelingers gezogen wird, wiirend Ictzlerer sich nach mucr Inept, so d.ass 
das Kiigelchcn so zwischcn Daumen und Zeigeiingcr festgelialien wird; 
und daa fitizfltmrliffc Ergreifeti ( pincer prehension) wohei der Gcgcm 
stand zwischcn den entgegengcsctzicn Spitzen von Daumen und Zcigclingei’ 
festgchnlten wird, BcobaohUirtgcn an iiltereu Kindcrn und an Erwach- 
seiien weisen darauf hin, das die letzlgcnn ilnlc Art des Fassens die hdchste 
Stufe in der Entivickelung dlcser Tiiligkeitsart dnrslellL 

Mit 20 VVochcn gclang cs keiner der Vpp., dns Kiigelchcn zu erfassen, 
Mit Anfong der 36stcn VVoche gclang cs nllcn, Mit 52 Wnchcn weisen 
die Gliitte und Tiichtigkcit der Rcnktion, die zu raschen und fnstem Fnssen 
(few, Ww, to Aw Vtmtommji 

naht, die mit nur wenigen spiiteren Andennigen nls ein Tell der gcsnmnUcii 
TfitigkeitssiusrUatiing (behavior equipment) des Individumns welter be' 
barren wird, 
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I 

INTRODUCTION 
Statement of Problem 

Toward the conclusion of his account of the prob- 
lem-solving behavior of chimpanzees in The Mentality 
of Apesj Kohler remarks that in the study of human 
subjects “experiments of this kind can be performed 
at the very tenderest age” (20). Of all of Kohler’s 
test situations, the simplest is that in which an acces- 
sible string is attached to an otherwise unattainable 
object. A practical demonstration of the possibility 
of such experimentation with young infants has been 
made in GeselPs tests of infant development (11). 
One of these tests consists in placing on a table top be- 
fore an infant a red ring, 4 inches in diameter, about 
14 inches away, with a 10-inch string making an 
oblique line to a point 6 inches forward of the child 
and 8 inches to his right. Observation of these ex- 
periments, combined with the interest earlier aroused 
by Kohler’s work, led to the undertaking of a develop- 
mental study of infants in which a grill should be used 
as in animal experimentation and in which discrimina- 
tion between an attached and an unattached string 
should be tested as well as the response to a single at- 
tached string. 

Historical Summary 

A complete review of the literature bearing on the 
adaptive behavior of infants in string problems would 
include the studies of infant development along motor, 
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sensory, and perceptual lines, and the studies of prob- 
lem-solving by animals, infants, preschool children, 
and adults. We shall limit our review to the more or 
less experimental studies that deal specifically with the 
utilization of strings for securing remote objects, 
though we shall have occasion in our discussion to 
refer to the other literature indicated above, 

The use of string problems as tests of adaptive in- 
telligence begins with the comparative psychologists, 
whose interest in the problem-solving behavior of 
animals seems to have received considerable impetus 
from Thorndike’s experiments reported in 1898 (32), 
1901 (33), and 1911 (34), 

Hobhouse (18) published in 1901 an account of 
some rather informal experiments performed in his 
home with his own dog and cat and those of his friends 
and at a zoo with a chimpanzee, a rhesus monkey, and 
an elephant. 

The simplest problem called for the pulling down 
of a piece of meat from a shelf by means of a string 
that hung from a card on which the meat was laid, 
One cat failed to learn the appropriate response after 
more than 30 demonstrations, but finally achieved suc- 
cess on an occasion when a smear of fish called his at- 
tention to the string, and after this seemed to have 
substantially learned the trick. The explanation of- 
fered is that the animal had previously failed to notice 
the string, or that on one occasion he had noticed it and 
playfully snatched at it before the meat was on the 
card and had been led by this lack of success to disre- 
gard the string. Another cat pulled the string when 
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it was merely pointed to by the experimenter. One dog, 
after seeing one demonstration took the string in his 
teeth and pulled the meat down, though in several suc- 
ceeding trials he paid no attention to the string until 
the experimenter pointed to it, It was not until after 
his eighth trial that he became uniformly perfect 
Other dogs showed less aptitude. 

When a “dummy” string was suspended about a 
yard from the attached string, the latter always being 
on the same side, the dog from the first pulled the cor- 
rect string if he saw the food placed on the card. After 
8 trials he learned to pull the correct string first even 
if he did not see the food put up. When the position 
of the food was reversed between trials, more than 25 
trials were required to perfect the discriminatory re- 
action. When the dog made an initial error, he always 
proceeded immediately to pull the right string; thus 
the incentive for correct initial choice was slight. 

Another experiment called for “delayed reaction.” 
Three strings hung down at intervals of about a foot, 
each attached to a card. The animal witnessed the 
placing of the food on a card, but could not see it 
after it was put up. On the first day the dog pulled in 
random fashion at first, but was correct in 7 of the last 
10 out of 40 trials. On the second day conditions were 
“stricter,” The dog was held back while the experi- 
menter counted three, and then released. In the last lG 
of 14 trials he was right 7 times. An early tendency to 
pull down the remaining strings after getting the food 
disappeared during the course of the experiment. , 

When a string attached to food was tied so that reach- 
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ing beyond the knot was necessary for effective pulling, 
the dog, the cat, and the elephant easily learned where 
to pull from the experimenter’s pointing to the correct 
place, but the chimpanzee and the rhesus monkey spon- 
taneously selected the part beyond the knot after not 
more than one trial at the nearer section. 

A “hooked rope” problem was not mastered even by 
the chimpanzee. A rope was attached to a food con- 
tainer: one end of the rope came straight to the cage; 
the other end was passed around a stanchion some dis- 
tance beyond the food box, then brought back and 
hooked to a bar of the cage. Pulling on the free end 
was ineffective unless the hook were removed. 

Hobhouse concludes from these and other experi- 
ments that animals lettrn from attention to a simple se- 
quence of events. The dog is capable of “practical 
ideas,” which are defined as “a combination of efforts 
to effect a definite change in the perceived object,” but 
these ideas do not represent any analysis of what is per- 
ceived. A “practical judgment” is “the correlation of 
a practical idea with a remote end.” The chimpanzee 
gives evidence of “articulate ideas,” in which “com- 
paratively distinct elements are held in a compara- 
tively distinct relation" (18, pp. 241, 270). 

In the experiments of Hobhouse we find several 
types of problem that have been employed by later in- 
vestigators : the single string attached to food; mul- 
tiple strings; the “hanging string Avith the concealed 
objective”; the “tied rope”; and the “hooked rope.” 
The interpretations suggested by Hobhouse have had 
considerable influence as well as his general methods. 
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De Jong (8) repeated some of Hobhouse’s experi- 
ments, placing meat on a cardboard on a table with a 
string hanging down* He found that the dogs which 
he observed gave no evidence of “comprehending” the 
situation, and did not learn by imitation or by being 
“put through.” 

Franken (10) in 1909 made an extended series of 
string experiments in an investigation of the relation 
between instinct and intelligence in a dog. Fie empha- 
sizes the need of noting all possible aspects of the be- 
havior throughout the experimental series because one 
cannot tell what may prove to be significant. The ex- 
periments were conducted in his study, with the dog 
chained to a corner of the sofa. 

A preliminary experiment showed that the dog was 
not interested in string per se. When meat was at- 
tached to the string, and the string lay directly between 
the dog and the meat, there was no attention to the 
string until after the experimenter had moved it back 
and forth and had twice drawn the meat a little closer. 
Then the dog suddenly snapped at the string and 
jerked the meat in reach. Success in this and the suc- 
ceeding experiments are ascribed to the accidental ap- 
propriateness of certain instinctive movements. In a 
third experiment, where the success was prompt, there 
is a possibility that the movement was a perseveration 
from the preceding situation, In a fourth experiment, 
with the string laid in an arc so that it was not in 
line with the objective, the conclusion is that the 
experimenter’s calling attention to the string led 
to a conscious reproduction of the earlier appropri- 
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ate behavior- Attention is called to the fact that differ- 
ent methods were used in pulling the string on different 
occasions. 

In a later series of tests food was placed at various 
distances without any string attached; a loose string 
was laid down in various positions; and a string at- 
tached to meat was placed tangentially to the dog’s 
position, Conclusions are that the behavior was influ- 
enced (n) by time factors (position of the test in the 
experimental series) ; (If) by spatial factors (distance 
of goal, position of the string in the visual field, length 
of the string, the possibility of looking over the situa- 
tion as a whole) ; and (c) by the strength of the emo- 
tion aroused, As the experiment progressed, it 
appeared that the string alone tended to evoke the re- 
action that had originally been called forth by the ob- 
jective proper. 

Another series of experiments demonstrated that the 
food would be pulled in when it lay on a sheet of paper, 
or was attached to a stick, or was to be pulled down or 
hauled up by a string in the vertical plane. Franken 
compares this behavior with that of two little girls 
aged three years and two years, who used a hanging 
rope to pull down a pear from a tree. . Since he con- 
cludes that they made use of perceptual thinking ( des 
sinnlichen Denkens) t he believes that we must assume 
that the dog has the capacity for primitive thinking, if 
only to a very slight degree. The dog's thinking i& 
judged to have little perceptual content but to be char- 
acterized by a feeling of choice and of the direction of 
the course of the behavior. 
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The capacity for improvement of the native at- 
tentiveness was demonstrated by the decrease in the 
number of errors in a series of experiments where 
three strings of different colors were laid down 14 
centimeters apart, the color and the position of the at- 
tached string being varied from one test to another. 
Early in this series the proportion of errors was greater 
than the chance expectation. This was found to be due 
to a preference for the string on the right, which was 
freer than the others from obstruction by the furniture 
in the room, During the course of these experiments 
there was an elimination of the response of drawing in 
a string before the meat was laid down or after the 
meat had been secured. 

To test the dog’s capacity for voluntary attention, in 
which ” dem Suchen eine Orientierung voraufgeht ” a 
comparison was made between the response to a set 
of four differently colored strings when the arrange- 
ment was made (a) behind a curtain and (&) in full 
view of the animal. The number of errors was always 
less under condition (ft), but during the course of the 
experiment there was a decrease in the proportion of 
errors under condition (a), and it was noted that the 
dog occasionally paused as if to look over the situation. 

Franken’s conclusion from the whole study is that 
the dog first reacts in an instinctive manner, with motor 
activity directed toward the objective. He learns the 
appropriate behavior only gradually through repeti- 
tion. During the course of the learning the involun- 
tary attention is directed more and more to the 
instrument and away from the objective. The motor 
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reaction is predominant; sensory [discriminative?] 
reaction is called forth only when it is necessary. Only 
in a few instances was there evidence of perceptual 
thinking. The latter is capable of development' to a 
certain extent. Fra liken calls attention to a number of 
sources of error in his experiments: the hampering of 
the dog's efforts by the position of the furniture in the 
room, the fact that the clog was not always equally in- 
terested in the objective, and the fact that the experi- 
ments with colored strings were sometimes performed 
by daylight, sometimes by artificial light. 

Shepherd (28), with nine rhesus monkeys as sub- 
jects, found that a food container to which was at- 
tached a string a yard long was promptly pulled into 
the cage, without evidence of trial and error, In a 
“tied string” experiment he obtained results similar to 
those of Hobhovse. In a later series of experiments 
(29) he found that dogs failed even in the simpler 
problem, but he suggests that this may be because their 
motor equipment is less suited to the problem than that 
of monkeys. 

Kohler’s experiments, referred to in our introduc- 
tory paragraph, were made in 1914 and first published 
in 1917 (20), His subjects were seven to nine chim- 
panzees. He found that the chimpanzees never showed 
any hesitation about using a rope to secure an objective, 
either Iti the horizontal or vertical plane, and that the 
pulling was always "with an eye on the objective.” A 
dog that he subjected to the same tests paid no attention 
to die string, though showing a lively interest in the ob- 
jective. ‘When two strings were laid down, one at- 
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tached to the objective and one with its distant end five 
centimeters from the objective, the one that appeared 
to lead more directly to the objective or the one on the 
right was likely to be pulled first. In some but not all 
of these experiments the two strings crossed each other. 
A single unattached string with its distant end one 
meter away and only two centimeters from the ob- 
jective was pulled, though hesitatingly, with eyes and 
attention fixed on the objective. The string was always 
pulled if it visibly touched the objective. The distance 
from the objective at which the string would be pulled 
varied with the animal’s degree of hunger and amount 
of attention. 

A “diagonal string” problem was also used by 
Kohler. The remote end of the string was fastened to 
a heavy box; the string approached the cage in an 
oblique line. Food was tied to the string at a point that 
would be in reach only if the string were brought per- 
pendicular to the front of the cage. All the six chim- 
panzees who could be induced to enter this experiment 
pulled first in the direction of the string. Two chim- 
panzees then proceeded immediately to pass the string 
from hand to hand along the bars until the food was 
in reach; two others reached this solution only after 
first trying to pull the string in the proper direction 
but on the wrong side of the bars. Two animals did 
not get beyond the direct pulling. 

Kohler argues that the behavior of the chimpanzees 
in these situations was often characterized by “in- 
sight”; that is, that it seemed to arise “out of a consid- 
eration of the structure of a situation” (20, p. 190). 



210 


GBNBTIC PSYCHOLOGY MOHOOHAI’HS 


The experiment with a single unattached string at 
various distances from the objective, and the “diagonal 
string” problem are the two distinctly new situations 
found among these experiments. 

Nellmann and Trendelenburg (24) applied tests like 
Kohlers to monkeys. They found that a rhesus 
monkey did not draw in a loose siring where there was 
no food in sight, did not reach for remote food when 
no string was attached to it, but promptly seized the 
string and drew in the food when the string was at- 
tached to the food. Like Kohler’s chimpanzees, the 
rhesus failed to distinguish between a string merely 
lying on the food and one that was attached. After 
some demonstrations in which the experimenter ex- 
aggerated the movements of laying down the string 
and of fastening it, he learned to govern his behavior 
by these gestures. If the food were displayed with the 
string coming near but not touching, the behavior was 
like that reported by Kohler except that after numerous 
repetitions the rhesus entirely gave up pulling the 
string when it did not visibly touch the food. A Pavian 
monkey failed to learn to refrain from pulling the 
string when he saw it merely laid on the food. 

These investigators also used Kohler’s “diagonal- 
string” experiment, with similar results. In a “hanging- 
string” experiment in which the food was put in a high 
basket so that it disappeared from the sight of the 
monkey, they found that the string was immediately 
pulled. 

Nellmann and Trendelenburg distinguish between 
“primary” and “secondary” solutions. A primary so- 
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lution is one which arises when the specific problem, 
on the very first occasion of its being encountered, is 
solved without the aid of overt imitation, "trial and 
error,” or "being put through.” A secondary solution 
is one which does involve imitation, trial and error, or 
being put through. The solution of the diagonal- 
string problem by the rhesus monkey is considered to 
be "primary.’ 

Drescher and Trendelenburg (9), repeating the 
simple experiments involving distinction between an 
attached and an unattached string, found that a 
pithecus monkey displayed behavior similar to that of 
the rhesus, except that he did not learn to distinguish 
between the gestures of fastening the string and of 
merely laying it down on the food, They also tried to 
adapt the experiment to the motor equipment of cats 
and dogs by tying the accessible end of the string to a 
porcelain ring. Though the animals demonstrated by 
exploratory activity that they were able to manipulate 
the ring, they gave no evidence of perceiving the utility 
of the string. 

Yerkes (38) employed some of the more complex 
forms of rope problems with the gorilla Congo. A 
form of the "diagonal- rope” problem was mastered 
with a little preliminary difficulty. In a “hooked- 
rope” problem the adaptation was gradual rather than 
sudden. A new problem of the “pull-rope” type called 
for pulling on a rope that passed over the top of the 
cage and drew a food container to a grill. The first 
successes appeared to be accidental. In a later trial the 
animal was observed to look along the overhead course 
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of the rope and then go to the proper place and secure 
it, This, is given as evidence that she recognized the 
rope as a means of securing food even in a novel situa- 
tion, 

Guillaume and Meyerson (15) have included a 
hooked-rope problem and two forms of diagonal-string 
problems in their experiments with apes, but only a 
preliminary statement about these parts of their re- 
search apparently has been published. They empha- 
size, as Kohler also does, the distinction between the 
implement that is already placed in relation to the 
object and the implement that is separate from the ob- 
ject, and express the belief that the former is the level 
of the lower apes, the latter the level of the anthropoids 
and perhaps only of certain species, Guillaume (14, 
p. 101) refers to Buhler’s experiment with a ten- 
months-old infant, which we describe on page 216, io 
show that the infant is at the level of the lower apes. 
He does not at the same time present evidence to show 
that the higher levels are beyond the ability of infants 
of this age, though he refers to an experiment by 
Kohler as evidence that a two -year- old can use a stick 
as a tool. 

Teyrowsky (31) found that cats learned to pull on a 
rope to which was attached a board carrying food, At 
first they pawed directly at the food, and in doing this 
they encountered the rope and thus moved the food, 
He suggests that such an accident was necessary to 
show the animals that the board was movable, and ex- 
presses the opinion that ‘Visual perception of move- 
ments is a function more original than visual pcrccp- 
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tion of forms or states.” In a hooked- rope problem 
persistent demonstration by the experimenter finally 
led to success by two of the subjects. The conclusion 
from these and other experiments is that cats are 
capable of practical judgment and articulate ideas. 

Adams (1), studying adaptive behavior in cats, set 
problems both in vertical and horizontal pulling of a 
single attached string. The strings were in a cage and 
the cat outside. He found that some cats learned per- 
fectly from one success, and asserts his conviction that 
with proper adaptation to the experiment room all cats 
would learn to pull strings in these situations and most 
of them would learn with one success. He also made a 
few experiments with arrangements of multiple 
strings; three parallel strings 30 centimeters apart, 
with food attached to the median string; three con- 
verging strings with the loose strings ending about 5 
centimeters from the food; and roundabout and direct 
strings, with the food attached to the roundabout 
string. In the parallel-strings experiment the cat 
passed by a loose string and went on to pull the at- 
tached one, In the other experiments the cat, being in- 
troduced to the experiment room from the side opposite 
the grill where the strings were accessible, twice came 
around the cage on the side where the attached string 
was and pulled it first On the one occasion when she 
came around on the side of the direct but unattached 
string in the roundabout-and-direct-strings experiment, 
she pulled the wrong string first. 

Adams believes that the use of articulate ideas is in- 
dicated in at least two instances, and that the use of 
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practical ideas may be inferred in most cases. His con- 
clusions from all his experiments are, among other 
points, that “motor and perceptual adaptation are in- 
dissolubly associated and develop concomitantly” ; 
that insight is a “special case of adaptation both per- 
ceptually and behaviorally”; and that what is often 
called trial-and-error learning might be called a “small 
insight” and that what is frequently called mental trial 
and error might be called a “big insight.” 

Adams comments on the resemblance between his 
conclusions, those of Hobhouse, and those of Tolman 
(35), which appear at the end of a critical discussion 
of experimental studies of habit formation and higher 
mental processes in animals, Tolman’s conclusions are 
in brief as follows; All learning involves the passing 
from one initial set of postulations of (insight into) 
the goal position to a second improved postulation of 
(insight into) the goal position. In trial-and-error 
learning this change comes only through overt be- 
havior. In “insight” or “foresight” learning it comes 
without overt behavior, as a result of free play among 
representations of the ends of acts. The higher the 
animal, the fewer the number of experiences of an act 
which are necessary to achieve such representations, 
the clearer and more accurate such representations 
probably are, and the more it would seem they can be 
manipulated. 

Tolrnnn, in commenting on Nellmnnn and Trendelenburg’s dis- 
tinctions between primary and secondary solutions, makes the state- 
ment that one would not speak of ;i "solution 11 at all unless there 
were "some sort of internal happening then and there," This hap- 
pening, he says, might be "mental adding nnd subtracting of acts to 
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produce new representations." Might one instead of saying that 
“the animal mentally adds and subtracts the acts," say that the 
addition and subtraction, the combining, takes place under the in- 
fluence of the stresses arising from the animal's "drives” and the 
material provided by the present situation? 

McDougall and McDougall (22, 23) emphasize the 
purposive character of the act of pulling in food by 
means of a string. They observed that a rat (22) and 
a raccoon (23) readily hauled up a dangling string to 
which food was attached, but distinguished between 
food and a non-edible object at the end of the string 
and after some errors pulled up only the food. Both 
animals varied their movements from one perform- 
ance to another rather than repeating a stereotyped 
sequence. 

Hert? (17) found that both a crow and a jackdaw 
hauled up food put in a pocket at the end of a dangling 
strip of cloth, though they did not attempt this method 
when the food was tied to the end of a string. The 
strip of cloth was an instrument better adapted to the 
motor equipment of the animal. 

Investigators of infant behavior have emphasized 
the age at which objects are secured by means of strings 
and have sometimes suggested the theoretical implica- 
tions or the factors contributing to make the behavior 
possible. 

Dearborn (7) includes the following observations 
in the diary of his young daughter : 

/r 211th day. End of 30th week. 

I tried to make her pull on the coarse string attached to her toy 
elephant, but although she took hold of the string she could not be 
made to understand how to pull on it — this relation of action ap- 
parently at a distance is not yet empirically understood. 



216 


GENETIC PSYCHOLOGY MONOGRAPHS 


"22St ! i day. End 0 / 32nd meek. 

L. docs not understand yet that by drawing on a string attached to 
nn object, she can bring the object nearer to her, 

"228/1, day. 

L. now knows how to draws things up to her by pulling on a chain 
or string — c.g., as to-day my watch when it is out of her sight under 
her chnir. M 

K. Buhler (6, pp. 48 ff.) made a more experimental 
study of adaptive utilization of a string in the first 
year of life, observing his infant daughter’s reaction 
to a rusk tied to the end of a string and placed out of 
reach with the string coming in reach, The experi- 
ment was performed "once every few days.” In the 
ninth month the child stretched out her hand directly 
to the rusk without appearing to notice the string. Af- 
ter a short time she appeared to have come to an un- 
derstanding of the problem and made several correct 
solutions in succession, but this success was only tem- 
porary. Not until the end of the tenth month was the 
situation completely and permanently mastered so that 
the string was always looked for and pulled, no matter 
in what direction it lay. He concludes that this use of 
the string was “intelligent action” and not merely the 
result of training because (a) numerous repetitions al- 
lowing chance successes had not been characteristic of 
the experimental procedure; ( b ) there was evidence 
of transfer to similar but not identical situations; ( c ) 
the total bearing of the child indicated purposive 
rather than mechanically acquired action. 

Peiser (26) includes string problems in a series of 
tests for children aged one to six years. PI is tentative 
norms are based on a study of children of the middle 
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class in Berlin, but the number of subjects is not 
stated. He reports that in the last quarter of the first 
year the child draws to himself the base on which the 
objective is placed. In the second year he acquires the 
understanding that the string is a means to an end, 
and in the third year it begins to be possible for him to 
master the crossed-string experiment. With a year- 
old child he found that the string coming in a direct 
line to the child absorbed the attention so completely 
that the objective proper was no longer regarded. A 
girl aged one and one-fourth years succeeded in secur- 
ing the objective when the string came diagonally to a 
position at her left. He concludes that she was using 
the string as a means to secure the objective because 
she reached directly for the objective itself rather than 
for the string when the objective was placed in reach 
at the left and the string led off to a remote point in 
the median plane. 

Gesell’s “Ring-and-String” test, referred to in the 
opening paragraph of this paper, is briefly mentioned 
in his infant development schedule published in 1928 
(11). According to this schedule the infant at nine 
months “uses the string and pulls the ring;” at twelve 
months “uses the string adaptively to pull the ring.” 
In outline the procedure is as follows d The Examiner 
holds the end of the string in his right hand, the ring 
in his left hand, and lays them on a table in front of 
the child in the position that we described above (p, 
201). Further normative studies now in progress at the 


X A full description of the method of presentation is to be published 
with the account of the normative study. 
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Yale Clinic of Child Development are resulting in a 
revision of the tentative published norms, Examina- 
tions have been made at four- week intervals from 16 to 
52 weeks, 27 to 37 infants being observed at each age 
level. The infants were a highly selected group from 
American homes of average economic, social, and ed- 
ucational status and Northern European derivation. 
The following preliminary percentages have been 
made available from unpublished data of the Yale 
normative study. Out of the normative group, at 24 
weeks none pulled the ring in reach, at 28 weeks 2S%, 
at 32 weeks 47%, at 36 weeks 83%, at 40 weeks 95%. 
At 28 weeks 72% of those who pulled in the ring (18% 
of all the infants) gave some regard to the ring at the 
time of reaching for or pulling the string; at 40 weeks 
92% (89% of all). 

C. Buhler (5) and her assistants at the Psychologi- 
cal Institute of Vienna have made a series of 24-hour 
observations of behavior during the first year of life, 
observing five children of each month. Forty per cent 
of these children were from private homes and 60% 
were “institution children,” They observed that the 
ten-months-old children frequently made use of a 
string to pull up a fallen rattle. In a series of “Baby 
Tests” from this Institute, “pulling an object by its 
string” is assigned to the eleven-months level. The 
test is described as follows: “A rattle or bell with a 
string attached is placed out of the child’s reach. The 
end of the string is placed near or in the child’s hand. 
The child pulls the toy toward him by means of the 
string.” The significance of the test- is stated thus: 
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“The child now understands that the string is a means 
of obtaining the toy which is otherwise out of reach. M 
These tests were based on the inventory of behavior 
obtained from the 24-hour observations, and on a num- 
ber of special investigations. The series was drawn up 
after making ten preliminary trials for each month, and 
finally the tests were given to 30 children in each 
month. The subjects were children in the Kinder - 
ubernahmstelle at Vienna. 

Brainard (4) used the crossed-string experiment 
with his daughter aged 2 years 7 months as subject. 
He placed a stick of gum out of reach behind the ver- 
tical bars of an improvised cage, and tied to it a string 
one-half meter long. Three other strings the same 
length were laid down, one clearly away from the 
package though running toward it, the others crossing 
the right string and coming within two inches of the 
objective. Each string ended at a different opening 
between the bars. On the first trial all the wrong ones 
were pulled first. On the second trial, after being 
urged to look carefully first, she pulled first a wrong 
string, then the right one. On a third trial she was 
confronted with only two strings to choose from. The 
wrong one crossed and ended two inches from the 
objective. She held her hand for a moment before the 
wrong string, then pulled the correct one. In a di- 
agonal-string experiment, the child first pulled in the 
direction of the string, then moved it along from space 
to space with her arm extended at full length through 
the bars. In a later trial she tossed the string from one 
opening to the next. 
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Lindcmann (21) gave tests similar to Kohler’s to 
feebleminded children and adults. His string problem 
consisted in the exposure of an objective towards which 
there led three converging strings, The left oblique 
string was attached and the other two were loose and 
crossed the attached string near the objective. From 
the fact that the median string was pulled first, Lin- 
demann concludes that the behavior was governed by 
the optical structure of the situation rather than by the 
physical connection. This principle he found to hold 
true for the behavior of the majority of his subjects in 
his entire series of problems, He also found that his 
subjects might arrive at a solution of a problem on one 
occasion without being able to repeat it later. This 
behavior he compares with the apparent temporary 
understanding of the string connection by Buhler’s 
ninc-months-old child. Fie comments on the fact that 
the subjects did not take the time to look over the situ- 
ation, but chose immediately without testing to see 
which was the right string. 

Character of the Present Study 

Previous investigators of infant behavior in the utili- 
zation of strings have not made the objective genuinely 
inaccessible to a child who can creep or climb, The 
method of presentation has been such as to emphasize 
the string as much as the objective proper. Discrimi- 
nation between attached and unattached strings seems 
not to have been studied, except in the crossed-string 
experiments with two-year-olds reported by Peiser 
(26) and by Brainard (4), Systematic periodic ex- 
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aminations of a group of 16 infants, use of a grill, ar- 
rangement of situations behind a screen, and supple- 
mentation of the single-string tests with a graded 
series of multiple-strings situations were distinguishing 
features of the present investigation. 



II 

METHOD 

Subjects 

The subjects were 10 boys and 6 girls who were ex- 
amined every four weeks from the age of 28 to 52 
weeks inclusive. All examinations fell within two 
days before and two days after the exact date with the 
exception of three instances where a postponement for 
one additional day was unavoidable, 

The aim in making up the group was to have it as 
homogeneous as possible. 

The length of pregnancy in no case exceeded or fell 
short of full term by more than 15 days, 

In respect to order of birth, the group was distrib- 
uted as follows: 



First, child 

Second child Third child Fourth child 

Number of cases 

10 

4 1 1 


The racial origin of the group is shown in Table 1, 
the percentages being based on the derivation reported 
for the grandparents. 


TABLE 1 

Racial Origin oi? Group 


Nationality of grandparents 

Percentage 

English, or "American fur bnclc" 

61. 5 

Scotch 

7.8 

Scotch-Irish 

5.5 

Irish 

8.6 

Welsh 

3,9 

German 

7.8 

French 

3.1 

Dutch 

1.6 

American Indinn 

.2 


[ 222 ] 
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TABLE 2 

Educational Status of Parents and Grandparents 


Highest degree or 
school year 
renchcd 

Father 

Mother 

PGF 

PGM 

MGF 

MGM 

M.D, or Ph.D. 

6 

1 

1 



3 


M.A. or M.S. 

4 

3 

. — 

. — . 

1 

. — 

B.S., B.A., or Ph.B, 

3 years college 

5 

S 

3 

1 

1 

— 

< — 

3 

— 

— 

1 

— 

2 years college 

— 

— 

— 

1 

I 

1 

1 year college 

1 

— 

— 

— 

— 

. — 

Normal school graduate 

— 

— 

— 

1 

— 

1 

Law office 

— 

— 

L 

■ — 

1 

> — 

Business training 

• — 

— 

1 

— 

1 

— 

Girls' school, seminary 

. — 

2 

— 

3 

■— 

7 

High school: 4- years 

— 

1 

3 

3 

3 

3 

3 years 

— 

— 

— 

— 

— 

— 

3 years 

— 

— 

— 

— 

■ — 

— 

1 year 



— 

— 

— 

' 

1 

Night school 

— 

— 

1 

— 

— 

— 

Grammar school 

. — 

— 

3 

2 

4 

3 

(6-8 grades) 

Not reported 

— 

1 

3 

5 

~ 

— 


TABLE 3 

Distribution of Parental and Grandparental Occupations 
Among the Goodenougii Occupational Categories 



Percentage of 
total Minneapolis 
population 

Father 

PGF 

MGF 

Group I 

5.4 

13 

4 

7 

Group II 

6.3 

3 

4 

5 

Group III 

37.3 

— 

4 

1 

Group IV 

24.3 

■ — 

2 

3 

Group V 

14.9 

— 

— 

— 

Group VI 

11.8 

— 

— 

— 

Not reported 

— 

— 

2 

— 


Since the purpose of the study was to analyze de- 
velopment rather than to establish norms, no attempt 
was made to have the group “normative” in social and 
economic status. The group was selected on the basis 
of superior educational and occupational status of 
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parents. The educational status of the parents and 
grandparents is presented in Table 2. The distribu- 
tion of the parental and grandparental occupations 
among the Goodenough occupational categories (13, 
Appendix A) is given in Table 3 and the Barr Scale 
ratings (30, pp, 66 ff.) of the occupations are sum- 
marized in Table 4*. 

Apparatus and Mode of Procedure 

The examinations were all given in one of the regu- 
lar examining rooms of the Yale Clinic of Child De- 
velopment. The room was small and plain, illuminated 
by diffuse electric light from an overhead source. The 
window shades were drawn, or in warm weather the 
window was screened from view. A one-way observa- 
tion screen at the side of the room to the infant's right 
concealed the stenographer who took down the Exam- 
iner’s running account. The infant's mother viewed 
the examination from behind this screen unless her 
presence was needed in the examining room. Aside 
from the examination crib and the mother's chair, the 
room contained no furniture that was visible to the 
infant. 

A standard white-enameled iron crib with side rail- 
ings 16^2 inches (41.91 cm.) high was the immediate 
scene of operations (Figure 1). The toys to be used 
as lures were kept in the material bag at the head end 
of the crib. A wooden platform 27x51 inches (68.58x 
129.54 cm.) was set over the springs and was covered 
by a large light-gray blotter laid on a cotton pad and 
rubber sheet. For infants who were not yet able to 



FI (I URIC l 

Examination Cum with Taiij.k and Cjiuli. 


maintain good balance in the free-silting position, a 
small adjustable morris chair with a canvas back and 
seat and supporting band was provided. The foot end 
of the crib was occupied by a 20x27 inch (50.8x68. 58 
cm.) table with legs adjustable to heights of 6, 7} / 2, and 

'l'AHLE 4 

Barr Scau- Ratings of Pari-ntai. and ( i k a n dp a iif n t a i , 
Occupations’* 



Failnrr 

i> c; f 

M t i F 

Highest 

17.5 

17.5 

17.5 

Lowest. 

1 J.5 

lO.S 

9.4 

Menu 

15.77 

13.72 

I4.3S 

'‘The menu Harr Scale ia(iim foi ihe 

<n ('ii |»n ( ii»n> 1 1 

'|*oi led in 

t lie mo 

census for Los Angeles, San I'l aiicisco, 
(30, |>. 71). 

ami Oakland, 

California 

, is 7.92. 
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9 inches (15.24, 19.05, 22.86. cm.). A grill 27x22 
indies (68.58x55.8K cm.), with brass rods making 5x4 
inch (7.62x10.16 cm.) spaces, furnished a barrier at 
the edge of the table top, the upper surface of the lower 
grill frame being (lush with the upper surface of the 
table. The grill could be removed by sliding it up on 
the side supports. The table and the woollen frame of 
the grill were painted light gray. 

The vertical rods of the grill and the spaces limited 
by them are designated in the protocols by the num- 
bers 1 to 7 and 8, respectively, counting from left to 
right, and the horizontal rods and corresponding 
spaces are designated by the letters A to D and E, read- 
ing from the boLtom up. Thus, Space 5 A is the space 
just to the right of the center in the row nearest the 
table top, 6/5 is one space farther to the right and one 
row higher, 

The lures employed were a squeaking cat of red rub- 
ber, a roly-poly doll colored yellow, blue, green, and 
orange, a yellow wooden duck with reel wheels, a 
white rubber ball with a narrow red- and- green equa- 
torial stripe, a blue celluloid automobile, and a cellu- 
loid “fish” of a bright clear orange red, a Japanese toy 
composed of an egg-shaped anterior section attached to 
a hemispherical posterior section, the fish nature being 
suggested by sketchy black markings. All the lures 
were of approximately the same general size, a little 
smaller than the 3x4 spaces of the grill, 

The strings were of twisted and doubled white twine, 
18 inches (45.72 cm,) in length. 

The situations presented fall into two general 
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groups, which may be designated respectively as 
Single-String Situations and Multiple-Strings Situa- 
tions. The settings for each type are shown in Figure 
2, All of the settings were laid a little off center in 
order that the lure should not be directly behind Bar 4. 
Space 5, rather than Bar 4, was the center. Penciled 
marks on the table top indicated to the Examiner the 
exact positions for the lure and the ends of the strings. 
The near ends of the strings were at the edge of the 
table. 

In the Perpendicular-Parallel-Strings Situation the 
strings were 7 inches (17.78 cm.) apart. In the 
Oblique-Parallel-Strings Situation the distance be- 
tween the ends of the strings at the edge of the table 
was 3 inches (7.62 cm.) In the Converging and 
Roundabout-and-Direct-Strings Situations the loose 
strings ended about 2 inches (5 cm.) from the lure. 

All settings were arranged behind a cardboard 
screen. Immediately after the screen was removed, 
the lure was tapped on the table, squeaked, rocked, or 
rattled by the Examiner. 

When the screen was removed, the infant was in po- 
sition at the center, seated before the table. At the ages 
of 44 to 52 weeks the infant was very likely to pull 
himself to standing between presentations and cruise 
about the crib. In such cases the usual procedure was 
for the mother to assist by holding the screen and re- 
moving it as the Examiner seated the child in position. 
Occasionally it seemed better for the Examiner to re- 
move the screen as the mother seated the child. In one 
case where the screen seemed to be a distinct source of 
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irritation, the mother kept the child’s attention at the 
head end of the crib while the Examiner arranged the 
strings. In very rare instances the infant was allowed 
to stand, but no cases are included where he did not en- 
ter upon the situation in a central position with refer- 
ence to the array on the table. 

If the infant secured the lure, he was allowed to 
play with it for a short time before it was removed. 
Sometimes the removal of the lure was aided by dis- 
traction of activity to the screen, or by waiting until 
it was accidentally dropped. At 52 weeks the infants 
occasionally cooperated by holding out and releasing- 
the lure to the Examiner either spontaneously or in 
response to “Give it to me,” 

The Examiner always was stationed at the child’s 
left, except in four of the examinations at 28 weeks. 
The mother’s position when she was in the room, 
varied to meet the exigencies of the situation. Usually 
she sat a little distance from the left foot end of the 
crib. Occasionally she stood at the child’s right. 

Time records were taken by the Examiner with a 
stop-watch. A running account of the procedure and 
the child’s behavior was dictated by the Examiner to a 
stenographer. This record began with the introduc- 
tion of the infant to the reception room and included 
an account of the warming-up period and of the child’s 
behavior between situations. 

Examinations were scheduled for a time of day that 
would fit the infant’s daily routine of sleeping and 
feeding. The most frequent hours were between 8:30 
and 9:30; between 12:30 and 1 :30 (up to 44 weeks) 
between 2:00 and 3 :0Q; and between 3 :30 and 4:30. 
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The median duration was 33 to 39 minutes at 28 
through 40 weeks and from 45 to 50 minutes from 44 
through 52 weeks. 

Order of Procedure 

The order of procedure of the examination is out- 
lined below. 

A. Warming-up Period. When the infant was 
seated before the grill, a one-inch red cube was placed 
on the table top directly in front of him (a) 2 inches 
(5 cm.) from the edge, ( b ) 14 inches (35.56 cm.) from 
the edge, (c) 2 inches from the edge. 

B. String Situations. 

1, Single-String arrangements (*), (5), and (c) 
were successively presented with the grill in position. 
(This situation will be referred to hereafter as “Single 
String with Grill” and will be represented in the charts 
by the letters SG,) If there were success with (a) and 
(&)> (c) was omitted. If there were failure with (a) 
and (h), the grill was removed after (c), and (a) ) 
( b) } and (<?) were repeated with the open table top. 
(This situation will be referred to as “Single String 
without Grill,” and represented by the letter *5.) 

2. If the infant pulled the lure in reach in ar- 
rangements (a) and ( b ) in the situation “Single String 
with Grill,” the grill was retained and the multiple- 
string arrangements in the order shown in Figure 2 
were presented as far as success and interest seemed to 
warrant. (These situations will be referred to by the 
names used in Figure 2; by the initial letters of these 
names — BP, OP, C, RD; or by the symbols represent- 
ing position (a) in each case.) 



230 


GENETIC PSVCHOLOCY MONOGRAPHS 



FIGURE 2 

Plans ot tub Several Situations 
The letters (d), ( b ), (r), anil (d) indicate the order of presenta- 
tion, 
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FIGURE 3 

Situations Used with Each Infant at the Several Ages 
a — before lever situation ; b — after lever situation. R and L signify 
that the presentation was made only in the right or left position. 
(1) Stenographic record inadequate. 

C. Lever Situations. Some situations were pre- 
sented in which a lure was to be secured by the rotation 
of a horizontal lever. The results of these experi- 
ments are not reported in this paper. 
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D. Siring Siluniions. If time and the infant’s in- 
terest warranted, the string situations, as outlined 
above, were repeated. They were more likely to be 
repeated when the examination had not been length- 
ened by the introduction of more than two Multiple- 
Strings Situations. 

In later references to the string situations, the pres- 
entations before the lever situation will be referred to 
as Rl, LI, Ml , and those after the lever situation as 
R2 } L2> M2 . The letters designate the direction of the 
attached string (Right, Left, Median). 



Ill 

THE EXAMINATIONS 

Figure 3 shows exactly what situations were given to 
each infant at each age and were used in the compila- 
tion of results. Boy A was examined at all the ages 
before 44 weeks, but his early protocols have been dis- 
carded because the procedure was not at that time in 
its final form. The protocols for Girl A between 32 
and 40 weeks have been discarded because at 32 weeks 
she showed a distinct fear response to the objects at- 
tached to strings. To overcome this fear she was given 
specific home training in pulling in reach an object 
similar to one of the experimental lures. From 44 
weeks on, her inclusion seemed justified because her 
behavior was not markedly different from that of the 
infants without special training. Examinations of 
Boy E at 48 and 52 weeks, of Boy H at 28 weeks, and 
of Girl C at 52 weeks were a complete loss because of 
fussing or poor adjustment, and were not reattempted 
on a second day because there seemed no assurance of 
a more favorable outcome. These records have been 
left out in compiling the results. Other gaps in the 
chart are due to illness of mother or child, to absence 
from town, or to the youth of the infant at the con- 
clusion of the experimental work. 

Other departures from an unbroken uniformity of procedure 
probably should be noted also. 

There were four instances in which lack or abbreviation of the 
regular nap resulted in an infant's being very irritable when he 
came for the examination. These infants returned on a second day 
in a more favorable conditioh, and the second examination has been 
substituted for the first in the treatment of results. The case of 
Girl D at 32 weeks is a little different from the other three of the 

[233] 
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above /our, in that her best performances on rhe two days have been 
drawn upon to make a complete examination, 

The examinations of Hoy E and Boy G at 40 weeks were ab- 
breviated by fussing, but a return engagement was impossible. In 
eases like these wile re the examination was brought to an untimely 
dose in the midst of an advanced situation, the presentation which 
determined the conclusion urns not counted if it was evident that the 
session should linve terminated earlier. On the other hand, numer- 
ous records of behavior more or less marked by fussing have been 
included. 

Occasionally a child allowed very little interest in the lure dl$. 
played on the table, but a second trial with a different lure brought 
heightened activity. Such second presentations were offered and 
their results used in instances amounting to 1% of the total pres- 
entations at 32 weeks, 4 % at 36, 40, and 44 weeks, and 2 % at 48 
and 52 weeks. A re-presentation with the same lure but less fussing 
or motor distraction has been substituted in a number of presenta- 
tions amounting to less than 2% of the total presentations at 40 
weeks and less than 1% at 44. The repetitions in these eases were 
given in the hope that the conditions of the situation might ap- 
proach more nearly to normal, 

One or two other cases of second chances that revealed significant 
behavior will appear in the analysis of the material. 

As the foregoing discussion of irregularities sug- 
gests, the infants were found to differ considerably in 
their emotional adjustment to the examinations. A 
classification into four groups on this basis, giving the 

TABLE 5 

Emotional Adjustmbnt o'p thb Invants to tug 
Examinations 

Number of infants 


Quality of adjustment 28-40 weeks 44- S 2 weeks 


A. Adjustment excellent 3 2 

B. Adjustment almost always good 3 S 

C. Adjustment good about half to 

five-sixths of the lime 7 5 

D. Adjustment precarious at least half 

the time; rather consistently irritable 3 3 
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number in each group, appears in Table 5. The di- 
vision into two age groups is necessary because some 
infants were consistently better adjusted when, they 
were younger and some when they were older. In- 
creasing age brought one infant down from Group C 
to Group D, one from Group A to Group B, one from 
Group B to Group C. On the other hand, one moved 
up from C to A, one from C to B, and one from D to B. 



IV 

NATURE OF THE PROTOCOLS AND GEN- 
ERAL METHOD OF ANALYSIS 

Two Sample Protocols 

The raw material from which were assembled the 
organized results to be given in the two succeeding di- 
visions was the report dictated by the Examiner. In 
order that the reader may approach these sections with 
some idea of the nature of the original material, por- 
tions of the protocols for Boy C at 28 and 36 weeks are 
quoted here. Extracts from other protocols will be 
examined later in relation to specific questions. 

Boy G, 28 Weeks 

4:04 P.M. Boy C is brought into tlie examining room a ml set 
in the chair. He kicks with I vis feet on the platform ami rubs them 
together; smiles at the Examiner as lie is moved up to the grill. Im- 
mediately raises his right hand and grasps Bar 6 at junction with 
Bur A J raises left hand up to the grill and looks at the Examiner 
and smiles. 

[Record ot the cube situation is omitted.] 

4:04 P.M. Single S/riii^ with Gr'tU 

RJ. Screen is set lip and cat is put in place with the string on 
the right. C, meanwhile, has been actively showing signs of fussing 
while he scratches at the screen approaching his mouth towards it. 
Screen is removed; ent is squeaked. C regards the cat rather fix- 
edly and leans forward opening his mouth while approaching it to 
the grill and moving both of his hands about actively on the grill, 
left hand at 3 and 4A t right hand at 5 and 6, After 35 seconds his 
right hand almost touches die string but he does not look at it, 

LI , String is moved to the left behind the screen; the screen 
is removed and the cat is squeaked. C moves his hands about on the 
grill again, fussing flomcwhnt as he regards the Examiner and leans 
over to the right. After 30 seconds the child becomes quiet but 
only momentarily. J-Ie is given the cube. Carries to his mouth. 

[236] 
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Ml. Siring is waved to median behind the screen and the 
screen is removed ; cat is squeaked, C regards the cat, then the 
Examiner, meanwhile moving his left hand up and down on the 
lower edge of the grill, He contacts the string but docs not look 
at it; rather he clasps and unclasps his right hand on Bar B and 
kicks his feet on the platform; apparently he pays no particular at- 
tention to the string, Begins to fuss, He is moved away from the 
grill by the Examiner and is given the cube to bold while g riff is 
removed. 

4:10 p,M. Single String without Grill 

Rl. Cat is put in place behind the screen with the siring on 
the right. Screen is removed and cat is squeaked. Boy C brings 
his right hand down on the string; he scratches at the string and 
picks it up only to release it again, occasionally glancing at the cat 
and scratching at the tabic top. lie is moved slightly closer to the 
table by the Examiner, With his right hand he scratches at the 
string but docs not pick it up; only straightens it out; then pounds 
the table top, Finally he secures the string between the thumb and 
forefinger of his right hand and pulls it in, meanwhile regarding the 
Examiner, Cat is now half way across table, but the child docs not 
pay further attention to it. Pulls the string in, watching it move, 
but docs not notice the cat. Releases the string, which is hanging 
over the edge of the table, Cat is almost in reach, but C does not 
try to get at it, He pats the table top, meanwhile contacting the 
string blit paying no attention to it. Presently he jerks string, 
pulling the cat within reach. He prehends it by its tail with the 
thumb and middle finger of his right hand, bringing it to the center 
of the tabic towards bis left hand ; vocalizes satisfaction and car- 
ries cat to his mouth about 20 seconds after lie took hold of it first. 
Total time required : 1 minute 55 seconds. Cat is removed by Ex- 
aminer with considerable difficulty, 

LI. Cat is put in place with string on left; screen is removed; 
cat is squeaked. C pats the table top; contacts string with his left 
hand, Picks up string but releases it again, Once more lie closes 
his left hand over the string, but releases it to turn his attention to 
patting the table. Fusses audibly; brings both hands to his mouth. 
Left hand occasionally contacts the string, but C does not pull it in. 
Finally he grasps the string with his left hand and brings it to the 
median position, Regards string and momentarily carries it towards 
his mouth, After 1 minute 30 seconds screen is set up. C scratches 
, at it. 
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Ml. String is in median position. Screen is removed. C’s 
hand knocks string out of place, necessitating rc-instatement of screen 
and situation. Cut is squeaked and child regards it, then pounds 
on tabic. Meanwhile his left hand catches on the string, moving it 
up and down, but he dots not take hold of the string. After 30 
seconds, since C is fussing forcefully, the cat is removed. C is given 
the cube while lie is moved away from the table • lie carries the cube 
to his mouth. 

[Record of the lever situation and of the string situations following 
it is omitted.] 

Boy C. 36 Weeks 

4:03 p.M. When Hoy C is brought into the examining room and 
set in the crib by the Examiner he begins to cry. He is crying very 
hard and he is not distracted by either the ball or the red ring which 
he is given to play with. As he is crying very hard, his mother is 
asked to came into the examining room. She sits on the left side 
of the crib. Since C continues to cry, his mother picks him up and 
holds him on her lap for a little while, When C quiets again he is 
given the red ring to piny with and after n while he picks it up and 
chews it. He stops crying but presently resumes it. 

[After about 10 minutes he was replaced in the crib, Additional 
time was required to make adjustment complete. Finally the cube 
situation was successfully enrried through, the cube being picked 
up when it was presented in the near position,] 

4: 23 p.m, Single Siring tuilh Grid 

Rl. The cat is set up behind the screen with the string on the 
right. The cube is taken away and the screen is removed, The cat 
is squeaked. C looks open-mouthed at the cat, looks off to the right 
and looks back at the cat. He looks at the Examiner and smiles, 
sighs, and looks back at the cat. He raises his left hand towards the 
grill. He is moved a little closer to the grill by the Examiner, who 
squeaks the ent again. C looks at the cat, looks at the Examiner 
and smiles, He looks hack at the cat and pushes with his left foot 
on the platform. I'te looks at the cat, looks off to the right and 
sneezes, The screen is set up after 1 minute 30 seconds. 

LI, The string is moved to the left, C is moved into a little 
better position. The screen is removed while C is scratching at it, 
The cat is squeaked. Again C looks at the cat; then he looks at 
the string on the left. He immediately reaches for the string with 
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his left hand. . With one tug lie pulls the cat to the edge of the table 
where he immediately takes hold of it with his left hand. He also 
brings up his right hand. Time: 25 seconds. After 30 seconds C 
has taken the cat through the grill and carried it to his mouth. He 
removes it for inspection and looks at the length of the string which 
he is holding in his left hand while holding the cat in his right. 
He repeatedly mouths the cat and removes it frequently for inspec- 
tion. 

Ml. The cat is removed and put in place behind the screen 
with the string in the median position. The screen is removed while 
C is protesting slightly. The cat is squeaked; C looks at it, looks at 
the Examiner, looks back at the cat, looks at the string and picks it 
up with his right hand. He pulls the cat about two-thirds of the 
way across the table and stretches for it through Space 3 A with his 
left hand but he is not close enough to the cat to reach it. He picks 
up the string with his left hand, pulls the cat to the edge of the table 
and immediately tries to pick it up. He is successful and carries it 
to his mouth. Thirty seconds were required for making the first 
contact with the cat. 

4.'29 P.M. Multiple Strings 

[In these quotations the records of setting up and removing the 
screen and of the infant’s behavior after securing the lure and 
between situations have been omitted or abbreviated.] 

Perpejidiculor Parallel Strings 

Rl. The cat is removed and the screen is removed, revealing 
the roly-poly doll. This quiets C's protests. He looks at the roly- 
poly doll as it is rocked. He reaches for the right-hand string, which 
is the correct one, and pulls the doll to the edge of the table with 
one tug. When it is within reach, he tries to get it with his left 
hand- The doll rolls out of reach. He pulls it in with the string, 
which he is still holding in his right hand. He brings the doll to 
the edge of the table and this time he brings it clear off the table by 
means of the string and dangles the doll by the string before trying 
to take hold of the doll. He carries the doll to his mouth. Time: 
40 seconds. 

LI, C protests at removal of the cat but ceases when he sees 
the roly-poly doll being rocked. While looking at it, he reaches for 
tho string on the left, which is correct. He takes it first in his right 
hand, then in his left. He transfers it to his right hand as he pulls 
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the doll to the edge of the table. It requited 20 seconds to bring 
the doll to the edge of the table. He regards the string, transferring 
it from hand to hard. Finally secures the doll after 30 seconds. 

Oblique Parallel Strings 

Rl (a), C, looking nt the duck, reaches over to the right, 
scratches at the right-hand siring. Since' it snaps out of reach, the 
Exn miner moves it within reach. He continues to scratch at it 
rather than other strings. He takes hold of it, pulls the duck partly 
in across the tabic, then to the edge of the table, looking at it as it 
comes in, He is looking hack at the string in his hand and ap- 
proaches the duck with his hand but gives another pull to the string 
which brings the duck swinging off the edge of the table. The time 
required to get the duck off the table was 40 seconds, C is vocal- 
izing repeatedly, 

III (A), C takes the median string; pulls it in while looking 
at the duck. He pulls it in with his right hand, then looks back at 
the duck, takes the left-hand string, pulls it in, looks at the string, 
which he raises and lowers. He looks at tile Examiner in a some- 
what protesting way, looks back at the duck, and readies for the 
string on the right, pulls the duck to the edge of the table and off 
the table, Vocalizes satisfaction. 

LI (a). C, looking at the ball, picks up the right-hand string 
with his right hand and pulls it in. He looks back at the ball 
while holding the string which he lias secured, He carries Ids hand 
back to the grill, looks back at the string in his hand, and looks at the 
ball and scratches the platform. He looks along the length of the 
string which he is lidding in his two hands. He looks momentarily 
back at the ball but looks off to the right where he hears the sound 
of the stenotype machine. He looks at the Examiner and smiles. 
As the Examiner reaches for the ball, again C’s attention is called 
to it and he takes the median String, pulls it in, and quickly drops 
it anti looks back at the ball, He reaches with his left hand for 
the left-hand string and brings the ball rolling off the table. 

LI (4). C immediately pulls in the median string. Then* 
looking hack at the ball, he takes hold of the left-hand string with 
his left hnnd and brings the ball rolling off the table to the platform. 
He picks it up by n bit of the string close to the ball and holds it 
thus dangling. Fifteen seconds were required to get the hall in this- 
way. 

[The remainder of the record is omitted,] 



GROWTH OF ADAPTIVE BEHAVIOR IN INFANTS 241 

Boy C at 28 weeks presents a behavior picture very 
characteristic of the group at that age. At 36 weeks 
he is somewhat in advance of the majority of his fel- 
lows of equal age. The juxtaposition of the two pic- 
tures makes evident the difference produced by eight 
weeks. of growth: clearly a difference in perceptive at- 
titude toward the string and also a difference in 
response to the grill, in method of approach to the 
string, in method of pulling, in postural control, in 
social and emotional adjustment. 

General Method of Analysis 

From the protocols a long list of classified and 
temporally grouped behavior items was made for each 
situation. At each age the items found in each presen- 
tation were checked in parallel columns, a column for 
each infant. The frequency with which each item oc- 
curred at a given age was found. The items which 
appeared to be most significant were then selected. 
Their frequencies, divided by the total number of 
presentations of the given situation at the age in ques- 
tion, furnish the percentages which are used in most of 
the accompanying graphs, 

Though right, left, and median presentations in the 
Single-String Situations were kept separate in the 
tabulations, all have been combined in the final per- 
centages. It was found that percentages based on the 
total number of presentations and percentages based 
only on the oblique (right and left) presentations never 
differed by more than 3 points from 36 weeks on, and 
rarely more than 5 points at 28 and 32 weeks. Where 





V 


ANALYSIS OF THE MATERIAL: SINGLE- 
STRING SITUATIONS 

Effect of Age on the Behavior in the Situation 

with Grill 

Some of the more evident changes which age 
wrought in the behavior are presented first, with a few 
comments, A further analysis, with suggestions as to 
explanations of these changes, is made in the sections 
dealing with the effect of the grill, motor capacity for 
prehension and pulling, and perceptive attitude, 

The influence of age on the general gross-motor and 
social-emotional behavior 'pattern is suggested by the 
ascending lines in Figure 4, At 28 weeks none of the 
infants were able to sit alone. From 40 weeks on, 
almost all were sitting unsupported on the crib plat- 
form. The one infant who sat in the chair at 48 and 
52 weeks had been creeping with agility since 36 
weeks, and preferred a semi-creeping position to free 
sitting, though he tolerated the chair well enough, The 
increasing frequency with which the mother was 
needed in the examining room as the age advanced is 
an index both of growing social perceptivity and 
sensitivity, and of the tendency to pull to standing and 
cruise about, which made assistance to the Examiner 
highly desirable. 

Though these aspects of behavior are not specific to 
the lure-and-string situation, they are distinctly pres- 
ent along with the more specific behavior items and 

[ 243 ] 
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FIGURE 4 

General Motor, and Social-emotional Development 
Situation; Single String with Grill 

form a part of the total picture of a developing 
organism, 

The development of adaptive behavior may be read 
in Figure $, By adaptive behavior is meant behavior 
which is fitted most economically to relieve the “ten- 
sion” which one may suppose is created by the presence 
of the remote lure. Clearly the pulling of the lure in 
reach is a function of something that takes place be- 
tween 28 and 44 weeks. In addition to the sharp rise 
of the line which indicates the pulling in reach of the 
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FIGURE 5 

Development of Adaptive Behavior 
Situation: Single String with Grill 

lure, one may note the converging of all the lines be- 
tween 32 and 44 weeks. At 28 weeks the string was 
regarded more frequently than it was regardfully con- 
tacted, was contacted more frequently than it was 
secured, and was .secured more frequently than it was 
pulled far enough to bring the lure in reach. But at 
40 weeks securing of the string was always accom- 
panied by pulling the lure in reach, and at 44 weeks the 
lure was always pulled in reach, though in rare 
cases it was merely dangled or left on the table or plat- 
form and not grasped. 
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FIG URIC 6 

Dropping Out of tub Less Adaptive Forms of Behavior 
Situation; Single String with Grill 

The dropping out of the less adaptive forms of be- 
havior is represented by the descending lines in Figure 
6, which is a corollary to Figure 5. Here one may 
see what the infants were doing at 28 weeks instead of 
approaching and securing the string and pulling the 
iure in reach. The hands were frequently occupied 
with the grill) occasionally with the chair, clothing) or 
mouth, sometimes on the table top; there was con- 
siderable squirming in the chair, rocking back and 
forth, kicking and rubbing of the feet on the platform; 
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the regard shifted to the surroundings, away from the 
lure, table, and grill, Though hand activity on the 
table and in contact with side rail, platform, chair, 
mouth, 2 or clothing increased in frequency at 32 weeks, 
the general trend of the lines is downward. Fussing, it 
may be noted, tended to maintain a fairly constant level 
until 44 weeks, the age at which success was certain in 
all cases. 

The matter of hand approach to the lure needs special 
comment. Possibly some of the activity on the grill 
was really approach to the remote lure. Definite ex- 
tension of the hand toward the lure scarcely appeared, 
however, until 36 weeks, and then continued to occur 
only occasionally until 48 weeks, when it became rare. 
At least two factors may be mentioned as contributing 
to this phenomenon. At 28 and 32 weeks the grill was 
a barrier to approach. Later it became less of a bar- 
rier, but at this time the string rather than the lure was 
becoming the object of approach. The extent to which 
and the ways in which the grill served as a barrier will 
be considered in a later section. 

A reduction in the time required to pull the lure in 
reach is another manifestation of development. The 
time records are presented here (Table 6) chiefly as 
a point of departure for discussion later on. 

The median time required at each age is given in 
Table 6. The drop at 44 weeks in the median for all 
presentations is significant in relation to the peak in 

2 Mou thing of the hand or sucking of the fingers was less frequent 
than one might have expected. It is reported in only 6% of the 
presentations at 20 weeks; 9% at 32 weeks; 6% at 36 weeks; 2% 
at 40 weeks; and none thereafter. 
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TABLE 6 

Median* Time (Seconds) Required to Pull Lure in Reach, 
Contact, or Secure 


Age In weeks 

25 

32 

36 

40 

4+ 

48 

52 

Motllan of all 
preictUatlons 

not pulled 
In 

not pulled 
m 

not pulled 
In 

55t (45) 

20 

15 

12 

Median of pre- 

semmiaiis where 
Iutc wan pulled 
in reach 

72 

6S 

Sot MS) 

2St (25) 

20 

IS 

12 


"Medians counted from aciunl scores, not calculated, except ai '38 weeks. 
+If Bays C and G ot 3fi weeks and Boys C, E, G, and J at <10 weeks had 
been given a repetition of (be situation and bad made the same record us in 
their first performances (see Table 7, p. 75), the medium would have been 
as indicated In parentheses, 

adaptive behavior reached at that age. It is also worth 
noticing that if the median is based only on the presen- 
tations where the lure is pulled in reach, a similar 
drop occurs at 40 weeks. The development following 
44 weeks, which could not appear in Figure 5, shows 
in the time medians,. 

Perfect accuracy is not claimed for the time records. 
In some of the early examinations or on especially 
trying occasions the time was not reported. Sometimes 
it then seemed possible to estimate the time from the 
behavior reported, by comparing it with similar be- 
havior where the time was reported. These cases are 
indicated by interrogation marks in Table 7, which 
is given in a later section. If the time before the lure 
was pulled in reach was reported, that is the time 
given in the table. Sometimes, however, the only re- 
port is of the time until the lure was secured. In spite 
of these defects, the time records are included here be- 
cause they do reveal significant trends, 
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Effect of the Grill on the Behavior 

The results presented in the preceding section in- 
dicate that the grill played an important part in the 
situation even aside from its prevention of direct 
creeping or climbing over the table to secure the lure, 
Figure 6 showed that hand activity on the grill before 
pulling in the lure was conspicuous at 28 weeks and 
rare from 44 weeks on. The lack of clear approach to 
the lure at 23 and 32 weeks was referred to the obstruc- 
tion offered by the grill. From Figure $ one may 
read that the presence of the grill delayed pulling in of 
the lure about 8 or 10 weeks. 

• A further analysis is offered here to show more in 
detail the effect of the grill on the adaptive behavior 
and the factors which contributed to this effect, 

Comparison of Behavior with Grill and without 
Grill at 28 and 32 Weeks, The obstructing effect of 
the grill was most noticeable at 28 and 32 weeks. At 
each of these ages 11 infants were given the oppor- 
tunity to pull the lure in from the open table top be- 
cause of their lack of success when the grill was in 
place, The adaptive behavior of these 11 infants in 
the two types of situations is compared in Figure 7. 
In every respect except in regard for the lure there 
was a reduction in adaptive behavior when the grill 
was in place. Except in the case of regard for the 
string and contact with the string this reduction, if 
measured by subtracting the length of Column a from 
b and c from d, was greater at 32 weeks than at 28. 
This should not be taken to mean, however, that the 
grill was more of a barrier at 32 weeks than it was at 
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FIGURE 7 

Adaptive Behavior with Giuix and without Grtix 
0 — 28 weeks, with grill; h — 28 weeks, without grill; c — 32 weeks,, 
with grill; d — 32 weeks, without grill. 
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28 weeks, for the difference between Columns b and c 
is less than the difference between b and a. Further- 
more, if Boys B and G, successful with the grill at 32 
weeks, were also part of this group, the difference at 
32 weeks would appear less than it does in this graph. 

Certain peculiarities in the columns representing behavior without 
the grill need comment. Approach to the string, in the sense of a 
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FIGURE 8 


Collateral Behavior with Grill and without Grill Before 
Lure Is in Reach 

a — 28 weeks, with grill; b — 28 weeks, without grill; c — 32 weeks, 
with grill; d — 32 weeks, without grill. 
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FIGURE 9 

The Grim, as a Mechanical Barrier 
a — 28 weeks, with grill j b — 28 weeks, without grill; c — 32 weeks, 
with grill; d — 32 weeks, without grill. 
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definite movement toward tlie string, accompanied or preceded 'by 
regard, was less common than contact with the string in which the 
regard for the string might come only after a fortuitous encounter 
and might fail to be followed up. Drawing in of the string might 
occur more frequently than regardful contact or securing of the 
string: by straining and patting across the table top in the direction 
of the lure the infant might drag the string in without grasping it 
or giving evidence of regard for it. 

At the same time that the grill reduced the adaptive 
behavior it increased the amount of vocalization and 
restless, unfocalized bodily activity (Figure 8). 

Nature of the Obstruction to Adaptive Behavior 
Offered by the Grill, The obstruction offered by the 
grill appears to have been both mechanical and visual 
in nature, Figure 9 presents evidence that the grill 
was a mechanical barrier. When the grill was in place 
the hand activity was mainly on the grill and there 
was relatively little of the activity on the table top 
which was a leading feature of the behavior when the 
grill was absent. This activity, frequently a patting 
or hitting of the table top, may very reasonably be held 
responsible for at least part of the additional contacts 
with the string. The hitting or pushing about of the 
string sometimes brought it into a position where it 
could more easily be secured. Though this activity on 
the table top might be called “less adaptive” in the 
sense that it was not the most economical method of 
bringing the lure in reach, it undoubtedly helped to 
produce successes at 28 and 32 weeks. 

The studies of infant prehension by Halverson (16) 
suggest a more fundamental explanation as to the way 
in which the grill keeps the infant’s hands from the 
string. In an analysis of cinema records of the ap- 
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proach made to a one-inch cube, 6 inches in front of 
the infant on a table top, he found a "circuitous” type 
of approach in about three- fourths of the cases at 36 
weeks, a "straight” approach gaining a slight pre- 
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FIGURE 10 

Thh Gkjll as a Visual Barrier 
n — 28 weeks, with grill; b — 28 weeks, without grill; c — 32 weeks, 
with grill; d — 32 weeks, without grill. 
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ference at 40 weeks and occurring in about nine-tenths 
of the cases at 52 weeks, Preliminary results from a 
later study by the same investigator show that in an- 
other group of average infants at 44 weeks about seven - 
tenths of the approaches were straight or almost 
straight, and at 48 weeks about nine-tenths. A grill 
with vertical bars 3 inches apart obviously must be a 
barrier to securing of the string, even close to the table 
edge, as long as the characteristic approach is circuit- 
ous. 

Some evidence that the grill was a visual as well as 
a mechanical barrier appears in Figure 10. (a) The 
string was regarded much more frequently on the open 
table top than behind the grill, (b) To be sure, con- 
siderable of this was regard that came only after the 
contact that was permitted by the greater freedom of 
approach, (c) But even before the string was con- 
tacted it received more frequent regard in the absence 
of the grill, (d) At 28 weeks, though the number of 
contacts with the string was very small when the grill 
was in place, there were more contacts without regard 
under those conditions. The reversal of this relation 
at 32 weeks seems to be traceable to a certain intensifi- 
cation of interest in the lure to the exclusion of the 
string displayed by a few infants in the presentations 
without the grill. 

It might be expected that the grill would be an emo- 
tional barrier, but the analysis of the protocols reveals 
that there was fussing in a slightly smaller percentage 
of presentations when the grill was present. This may 
be because the presentations without the grill always 
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came later in the examination, Fussing increased in 
frequency as the examination period progressed. When 
all the presentations both with and without the grill 
at both 28 and 32 weeks are combined, the percentage 
for which fussing is reported before the lever situation 
is 16; after the lever situation, 37. Fatigue and 
thwarting are probably cooperating and interacting 
causes. 

The question may be raised whether the grill was 
an obstruction or a distraction. Probably it was both. 
The data do not decisively answer the question. 

Additional comparisons of behavior with and with- 
out the grill form part of a later section (p. 270). 

Development in the Motor Capacity for Pre- 
hension and Pulling of the String 

The preceding section made it clear that a remote 
objective behind a grill with an attached string coming 
to the grill confronts the infant with problems that are 
motor as well as intellectual. Other mechanical prob- 
lems besides getting through the grill to the string are 
the prehension and the pulling of the string. Both of 
these problems, like the problem of approach, are mat- 
ters that require cinema analysis for thorough investi- 
gation. The behavior records of the present experi- 
ment, however, present some data which show that 
growth brings to the infant an increasing capacity to 
cope with these problems. 

The development of proficiency in prehension is 
suggested by the diminishing ratio which reported dif- 
ficulty in securing the string bears to the percentage of 
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FIGURE 11 

Development of Proficiency in Prehension 
Situation : Single String with Grill 

presentations in which the string is approached and 
secured (Figure 11), This difficulty might not persist, 
even to such a minor extent, through 48 and $2 weeks 
if the infant were picking up a simple string with no 
lure in the distance to compel the regard. The ease of 
prehension of the string probably is in part a function 
of perceptive attitude. 

The string was sometimes pulled in by raising the 
hand, sometimes by drawing the hand back and out at 
the side, sometimes by an intermediate method. Some- 
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FIGURE 12 

Development or Proficiency in Pulling the String 
Situation : Single String with Grill 


times it was jerked by waving the hand. Sometimes 
the hand holding the string was waved but the amount 
of slack in the string prevented movement of the lure, 
The frequencies of these several types are not given 
because, although they are occasionally mentioned in 
the protocols, too often it is simply stated that the 
"string is pulled,” 

One matter that seems to have been reported con- 
sistently enough to be represented in a graph is the 
transfer of the string from one hand to the other in 
connection with pulling it in. The percentage of in- 
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fants who transferred the string from one hand to the 
other is shown in Figure 12. The ratio of such cases 
to the total number who pulled the lure in reach de- 
creases after 32 weeks. 

To bring to the edge of the table an object that is 
distant by 18 inches of string can be accomplished with 
a single arm movement only if that movement is rather 
large and free. Analysis of the behavior records re- 
veals that sometimes three or more separate tugs were 
necessary to bring the lure in reach. A "tug” is here 
considered to be a unitary movement made by the 
hand grasping the string, a movement that has a rather 
definite beginning and end and that brings the lure 
nearer to the child. One speaks of a tug only if the 
string is actually grasped; therefore this concept is not 
applicable to certain cases in the situation without the 
grill, Figure 12 shows what percentage of the infants 
at each age brought the lure in grasping reach with 
only one tug, what percentage used only two tugs, 
what percentage three or more. These percentages 
are to be considered in relation to the percentage of 
infants who pulled the lure in reach. Since a given 
infant in a given examination might on one occasion 
employ only one tug and in another presentation might 
give two tugs, the sum of the percentages of each type 
usually amounts to more than the total percentage of 
infants who pulled the lure in reach. The percentages 
are given in terms of infants rather than presentations 
because of the number of individual presentations 
where the protocols leave the matter Uncertain. Crude 
as the data are, the lines show significant trends. The 
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matter of the number of tugs is, of course, not wholly 
a question of motor capacity. The infant who is more 
definitely and eagerly using the string to gain the lure 
may give one swift tug. The greater number of tugs 
at the earlier ages may be due in part to hesitation and 
perceptive uncertainty. The one infant who gave four 
tugs at 48 weeks was just at that time in a somewhat 
negative attitude toward the examination. 

Types of Perceptive Attitude as tpie String Is 
Secured and the Lure Is Pulled in Reach 

Five Types of Perceptive Attitude, On the basis of 
differences in the total pattern of regard and hand 
activity during the securing of the string and the draw- 
ing in reach of the luce, it seems possible to infer five 
types of perceptive attitude representing different 
levels of maturity. 

These are not directly observable behavior items 
such as were treated in the three preceding sections, 
but ace the result of a logical, interpretative method of 
dealing with the material. 

The five types are listed below, arranged roughly in 
the order of maturity level that they represent. 

Type a. Interest in the string. The string is 
fingered or carried to the mouth. The lure comes in 
reach and is then secured. 

Type b. Interest in the lure, apparently without 
awareness of the string. The hand straining toward 
the lure may move the string sufficiently to drag the 
lure in reach. If the fingers close over the string, it 
seems to be on tactual cue. 

Type c. Apparent awareness of both string and 
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lure at the time of pulling in the lure, but no clearly 
purposive utilization of the string unless on occasions 
where the string is finally grasped two or three inches 
from the lure. 

Type d. Experimentation, watching the results of 
a movement of the hand that holds the string. The 
function of the string may seem to be discovered in the 
act of pulling. 

Type e. Definite utilization of the string as a means 
to bring the lure in reach. The infant regards the lure 
and promptly reaches for the string, with or without 
obvious regard for the latter. Often it is specifically 
stated that he looks at the lure as the pull begins. (In 
this class are included a few cases where the reaching 
was delayed apparently because the string was not seen 
at first, but promptly followed on sight of the string.) 

The term “insight” in the sense of awareness of the 
means to an end might be used with reference to these 
types of perceptive attitude. One may say that in a 
and b there is success without insight; in c and d suc- 
cess with partial or gradual insight (insight incom- 
plete but dawning) ; in e success with definite insight. 

A given performance does not necessarily embody 
one type alone, but may show characteristics of two or 
more : of c, and d, for example. Often it is hard to 
draw the line between types, especially between c and 
d. Some of the performances classed as Type d may 
actually be Type e with the behavior modified by 
motor difficulty in pulling the string. One infant does 
not necessarily display all five types in successive ex- 
aminations. 
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Illustration oj These Types from the Protocols , Boy 
C in. his one success at 28 weeks exemplified Type a, 
with a suggestion of c at the end. At 36 weeks he is 
given credit for Type e . Further illustrations of all 
the above types except b may be found in the following 
quotations from the protocols of Girl B and Boy G. 
These records also present a number of other peculiar- 
ities that are instructive, and illustrate the difficulties 
presented by the material. 

Girl B. 28 weeks. Without (frill. Ml. Type a. 80 seconds, She 
looks at the cat, leans over a little to the left, looks at the cat again, 
Her right hand becomes engaged with the string. She prehends it 
with her right hand. Looks nt the cat; looks at the string. She 
becomes concerned with exploring the string with both right and 
left hands rather than looking at the cat. She gets the string up 
higher in her left hand; cat moves in slightly. After 55 seconds 
she releases string; looks at cat; pats tabic with right hand; then 
becomes interested in the string again. Picks it up in her right hand ; 
scratches the chair with her left hand ; then turns in the direction 
of the Examiner and raises her right hand, releasing string. After 
1 minute and 20 seconds gnscc returns to cat, which is now in reach, 
nnd she grasps it, 

One hardly feds that this can be called success, since 
there is so little effort directed toward the lure. 

Girl B, 32 weeks, Without grill, LI . Types a and c. 90 sec- 
onds. 33 looks at the cat, then pnts the tabic top with her right hand, 
looking at the table and off to the left, She leans forward and ap- 
parently looks nt the string. She puts her right hand on the string 
and brings her thumb nnd fingers together, raises her hand without 
the string and looks at it as if perhaps thinking she hud picked up 
the string. She brings her right hand back on the table; puts her 
left hand on the string near the edge of the table. (Her right hand 
had been about half way along the string.) After sonic time she 
picks up the string with her left hand, looks at it, and pulls it in a 
little way; with a second pull she brings it in farther. She notices 
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the cat moving in, gives another tug to the string, waves her right 
hand, brings her right and left hand over to the cat. She pulls the 
cat a little closer in, places her right hand on it, and pats it. 

This additional tug to the string is counted as Type c 
rather than d, since it might have been simply a jerk 
of the left hand, which held the string, similar to the 
wave of the right hand which is mentioned at about the 
same time. 

Girl B. 36 weeks. Without grill. Rl. Type d. 100 seconds. 
B immediately brings her left hand clown on the table top and pats 
it. The roly-poly doll is rocked by the Examiner. R looks at it 
steadily for several seconds, looks at the Examiner and pats the tabic 
with her right hand, also with her left. Her right hand is near 
the string but she does not touch the string. She looks back at the 
doll; leans forward, placing her light hand on the string. She looks 
at the doll, then looks at the string. She opens and closes the 
fingers of her right hand on the string. She picks it rip in her right 
hand, looks at the doll as it begins to move in. She drops the 
string, looks back at the doll, picks up the string again closer to the 
doll. She takes the string in her right hand. The doll, as she pulls 
it, rocks so that the head is almost within reach. B tries to reach 
it but the head rocks out of reach. She picks up the string, gives a 
little pull which rocks the doll. She tries to reach it again but it 
rocks out of reach. She vocalizes, leans forward and again takes 
the string in her right hand. She brings the doll within reach and 
carries it to her mouth. 

Same. LI. Type e. 8 seconds. B leans forward immediately. 
While looking at the doll, she puts her left hand on the string and 
quickly picks it up. In 8 seconds she has secured the doll. She 
knocks it on the table with her left hand. 

Unfortunately, there is no good check on the 
permanencq of this achievement at 36 weeks. During 
the lever situation B began to cry, and during the suc- 
ceeding string situations with the grill in place she 
cried readily and did not try to pick up the lure even 
when the Examiner moved it to the very edge of the 
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table. When the grill was removed, she still cried 
when confronted with a new lure with the string at 
the right. After 35 seconds the Examiner moved the 
string to the left when B was apparently not looking. 
B stopped crying, put her left hand on the string, 
picked it up, pulled the lure to the edge of the table, 
and contacted it within 8 seconds. Since the procedure 
was questionable here, this presentation probably 
should not be given equal status with the others. Yet, 
even if the Examiner’s movements were what called 
B’s attention to the string, the prompt utilization of the 
string suggests that it was a genuine means to an end. 
The string must be noticed if it is to be adaptively 
utilized. 

Girl B, 40 weeks, With grill. ’ Rt. Type e with delayed re- 
gard j or string. 67 seconds. 13 is looking at die cat nl ready when 
the Examiner squeaks it. She reaches with her right hand through 
Space with her left hand as far as she can through Space 4 A. 
Her left hand is pronnted on the table. She looks nt the cat and oc- 
casionally at the Examiner, She is looking rather prolongcdly at 
the cat, She looks over to the right side rail. After 47 seconds she 
is noted to look at the string; picks it up by the end between the 
thumb and first finger of her right hand, with rather precise pre- 
hension. She draws the string back rather slowly, watching the 
cat come in. One minute 7 seconds after the situation was instituted 
she has secured the opt, 

Same, LI, Failure, She stops fussing immediately and looks at 
the cat, She is leaning a little to the left. She looks over 
to the right side of the table (where the string was before), 
With her right iihnd through Space 6A she readies towards the cat, 
She looks up at the ceiling on the right. She begins to cry. She 
looks back at the cat, looks nt the Examiner nnd looks up at the 
right. She cries. Her left hand contacts the string as she reaches 
through the grill but she does not look at it. She quiets when the 
cat is squeaked but begins crying again. 
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The tendency to look in the direction where the 
string was before, and the emotional upset due to 
thwarting seem to be responsible for the failure. The 
fussing at removal of the lure just before this presenta- 
tion may have been the first disturbing factor. After 
the lever situation, in R2 } B was crying again, but at 
the sight of the string her fussing “trailed off” and she 
pulled the lure in reach. In L2 and M2 she gave no 
evidence of seeing the string, and cried loudly. After 
this, even when the grill was removed, she paid no 
attention to the string on the left. 

By 44 weeks Type e appeared in all the presentations 
with the grill in place. Though 105 seconds altogether 
were required for the first presentation on the right, 
the time after the string was regarded and approached 
was only 15 seconds. Table 7 shows the reduction in 
time in the remaining presentations. At 48 and 52 
weeks Girl B showed a similar delay in her regard 
for the string on the right, but her performances were 
distinctly of Type e. 

Reference to Table 7 shows that Girl B is fairly 
representative of the girls in her achievement with the 
single string. Boy G, part of whose record follows, is 
fairly representative of the boys. 

Boy G. 28 iveeks. Without grill. LI. Type a with more aware- 
ness of the approaching lure than was displayed by Girl B. Counted 
as Type a ivith a suggestion of c. 60 seconds. G looks at cat, leaning 
forward. His left hand is on the string but he does not look at it. 
After about 20 seconds he seems to be rather eagerly stretching to- 
wards the cat. He looks down at the string, pats the string, looks 
at the cat. He secures the string between his thumb and all the 
fingers of his right hand, carries it to his mouth, 50 seconds after the 
situation was instituted. This movement drags the cat half way 
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across the table so that by leaning forward he picb it up one minute 
lifter the beginning of the situation. 

Boy G. 32 weeks. With prill. Rl. Type d. 65 seconds. G 
is leaning over to the right, scratching blotter. When the cat is 
squeaked, lie looks at it. Leans forward, regarding it intently, 
Pulls himself closer so that his face is close to the grill. After 25 
seconds, he looks at the string on the right, Scratches at it n little. 
Picb it up in his right hand. Draws right hand hack to side, One 
tug brings cat half way across table. Another tug pulls it an inch 
farther. Releases string putting it over Bar A. Looks at cat for 
a few seconds. Picb up string. Watches cat come in after one 
minute. Has secured it anti pulled it through grill 5 seconds later. 

Transposition of the string to the left now seemed to 
make the problem insoluble to Boy G, as it did for 
Girl B at 40 weeks, but the response to the thwarting 
was of a different type. Boy G regarded the lure for 
about 25 seconds, twice turning to look at the Ex- 
aminer. Then he rocked back and forth in the chair, 
repeatedly looked clown and scratched the blotter, and 
finally extended his left hand toward the Examiner. 
It was never certain that he looked at the string, 
though once his left hand came in contact with it. This 
scratching of the blotter appears in numerous other 
cases where the infant seems to be at a loss, and may 
be a compensatory activity. 

Same. Ml, Type d complicated with motor difficulty. Might 
have been Type e. 60 seconds. Gaze goes to cat wlien squeaked. 
Looks from cat down to string. Index finger of right hand scratches 
at the string. Secures it with nil of his fingers and his thumb. With 
one slow tug he draws cat to within about 4 inches of the edge 
of the table. Drops string, but picks it up again. He draws right 
hand back and waves it, but cat moves no farther in. Extends hand 
toward cat. Picks up the string again in his right hand; holding 
the string, lie pats hnnd up and down on lower frnmc of grill. After 
one minute he has drawn cat to where he contacts it. Pushes it 
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almost out of reach, but gets it by the tail between the tips of the 
fingers of left hand and draws it through grill. 

Same , R2 . Type e? 50 seconds. Squeaking af the cat brings his 
attention to it. Looks from cat, after 10 seconds, to the string on 
the right. Scratches on the string. Looks from string to cat and 
back to string. Picks up the string, looking at the cat. Drops string. 
Extends right hand through Space 5/1 towards cat, but does not 
secure cat. Secures string In right hand. Draws cat to where he 
contacts it. 

Same, L2. Failure , Looks at cat and smiles a little. Looks 
toward right, then back at the cat and smiles again. Leans forward 
louking at the cat, He is picking at the chair on the right. Looks 
back at the cat, down to the right side of the table, leans to the right 
side rail, and starts to pull himself toward it. Looks back at the 
cat. After 45 seconds he catches sight of the string on the left. 
Scratching on it with left hand, looks from string back to the cat. 
Then looks again at the string as he tries to prehend it. String gets 
pushed out of reach and is moved back to position by Examiner. 
Looks at the cat, Looks to left side rail, then to right. Leans over 
and scratches blotter on the left. Looks at the cat and vocalizes, 
“baa baa.” Examiner squeaks tbe cat again. G looks at it. Rocks 
himself back and forth in the chair, holding onto Bar A with both 
hands. Rocks very vigorously. 

Same. M2, Type c? Failure . Motor difficulty leads to an in- 
ferior type of behavior. G looks at duck. Looks at the Examiner. 
After about 15 seconds he looks at the string. Immediately left hand 
approaches it and pushes it around on the table. Pie picks it up. 
Duck tips over. He watches duck come in. Two tugs bring duck 
to about 6 inches from edge of table. Leans forward, straining with 
left hand toward duck. Pie touches it and pushes it farther out of 
reach so that he cannot contact it. Strains for it persistently. 
Although his fingers are close to the string, they do not close over 
the string. Now he seems to have lost interest in the duck. Waves 
his arms, vocalizing. Extends left hand toward Examiner, smiling. 
Leans over to platform on the left. 

At 36 weeks Boy G, like Girl B at 44 weeks, was suc- 
cessful in both right and left positions, with a percep- 
tive attitude of Type e. A presentation with the cat as 
lure which seemed to arouse little interest and no evi- 
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dent regard for the string was followed by the be- ; 
havior described below. 

Boy G, 36 weeks. With grill. Ll. Type e with delayed regard 
for string . 90 seconds . Fish is rattled. G looks at it, Looks up at 
the ceiling. His goz.e comes clown to the fish. Glances in the 
direction of the Examiner, Back to fish, Tips himself up to the 
grill. Begins looking around the room. Fish is rattled again, Looks 
back at it, Tips himself forward in chair again. Once his left 
hand goes through Space 3 H in direction of the fish, but it is with- 
drawn. Looks over to right side rail. Reaches for it. Looks down 
on the tabic top and pokes nt one of the letters on it. Alter 1 minute 
15 seconds lie looks at the string. Secures it in his left hand. Looks 
from string to the fish os he picks up the string. Draws his left 
hand back nnd with one tug brings fish to where he contacts it 1 
minute 30 seconds after the beginning of the situation. 

Same. RL Type e. 30 seconds, Note the initial looking toward 
left, where string was before, lie looks from fish over to left side 
of tnble, then looks over to the right side and secs the string, Begins 
scratching on the string, looking from string to fish. Dram back 
right hand after securing the string. fins dragged the fish through 
Space 6d onto the platform 30 seconds after the beginning of the 
situation. 

Successes with a perceptive attitude of Type b are 
illustrated in the protocol of Boy E at 32 weeks in the 
situation without the grill. Increasing awareness of 
the string appears in the successive presentations. 

Boy E. 32 weeks, Without grill. RJ. Type b, 10 seconds. E 
looks intently at the duck and brings his right hand up on the table. 
His hand falls on the string. As he moves Ins hand in, the string 
adheres to his fingers and moves in a little. He does not seem to 
notice the string. Later, as he is leaning forward, raising himself 
somewhat from the platform, his right hand is resting on the string 
and moves the string a little. As he is regarding the duck, he drags 
his right hand back a little, nnd the duck moves in slightly. He 
looks nt the string now. Then Jic strains forward over the tabic 
top trying to reach the duck. His head approaches as well as his 
hand. He docs not take hold of the string to pull in the duck, but 
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as his atm is resting on the string it is dragged back and the duck 
is brought within reach. He secures it. 

Same. LI. Types b and c, 70 s ecajids? E leans forward raising 
himself from the platform and extending his head toward the duck. 
At first his hands are out at the side of the table; then his right 
hand comes forward and he looks at it. His gaze comes down, to 
the string once, although he has been looking at the duck during 
most of this time. He makes as if to prehend the string once as his 
right hand rests on it. The thumb and first finger come together 
but he does not secure it. As he looks at the duck, his hand which 
is resting on the string moves in, thus causing the duck to come 
in a little. One minute after the situation was instituted, he secures 
the string more definitely in his right hand, and as he draws his 
right hand back, the duck moves within reach. He immediately 
brings his hands to it. 

Same. R2. Motor difficulty. E leans forward immediately in 
the direction of the cat and scratches the table top. He looks at the 
cat, looks at the string on the right. He brings his fingers together 
over the string and holds them up, looking at them as if he had the 
string in them. Again he opens and closes his hands over the string, 
He finally prehends it between the thumb and forefinger. As he 
draws his hand back, the cat moves in a little and falls over, He 
drops the string, looks back at the cat; then he takes hold of the 
string again, in. his left hand and draws his hand back a little but net 
enough to move the cat in. He releases the string and reaches 
directly for the cat. die wriggles considerably. He looks at the 
Examiner, looks back at the string. He begins to suck his hand. 
His vocalizations sound a little fussy. He looks at the Examiner 
and draws his hand over the string again but it does not come in. 
His hand opens and closes over the string when he is not looking at 
it. His vocalizations are fussy. He rocks back and forth looking 
at the cat. He turns to the left. He is breathing hard. The Ex- 
aminer squeaks the cat again. He looks at it, makes a little vocali- 
zation, and turns again to the left waving his left hand. He takes 
hold of the rods of the left side panel and starts to pull himself over. 
He lets go and leans over to the platform on the left. He scratches 
the table top on the front left corner with his left hand. After 3 
minutes he seems not to be attentive to the cat, but rather to the 
side of the crib. 
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FIGURE 13 

Apparbnt Pbrcbptiyb Attitude as tub String Is Securbd and 
TMfi LujtB Is PutLED IN Rl'ACH 
Situation i Single String with GriU 

Age Distribution of These Perceptive Types in the 
Situations with the Grill and without the GrilL In 
the foregoing illustrations, one notices that examples of 
success with the lower types of perceptive attitude have 
been drawn from the situation without the grill. 
Figures 13 and 14 show that this distribution is 
characteristic of the group as a whole. After the two 
successes with the grill at 28 weeks, both of which were 
of Type a, there was only one example of a pure Type 
a and no instance of a pure Type b, By the time that 
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Apparent Perceptive Attitude as the String Is Secured and 
the Lure Is Pulled in Reach 
Comparison ol situations with and without grill 
a — 28 weeks, with Krill; b — 28 weeks, without grill; c — 32 weeks, 
with grill; d — 32 weeks, without grill. 
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successes with the grill were of more than 50% fre- 
quency, they were almost entirely of Type e, or closely 
approached that type, in all the cases where the interest 
in the lure appeared to be adequate and where the 
records are complete enough to permit judgment On 
the other hand, the open table top permitted a con- 
siderable proportion of successes of Types a and b, 
either alone or involved with a suggestion of Type c, 
At 32 weeks the proportion of Type c to total successes 
is approximately equal for the two kinds of situation; 
in Types d and e t the grill situation scores a larger 
relative number. 

Critical Discussion of Development in Perceptive 
Attitude . From the relation between type of percep- 
tive attitude and success in the two kinds of situation, 
one may conclude that perceptive capacity and motor 
capacity to overcome the difficulties offered by the grill 
are developing together, With the open table top, 
motor capacity may be in advance of perceptive ma- 
turity. With the grill in place, perception may at 
times seem to be in advance of motor ability, as in the 
case of Boy G at 32 weeks. 

The question of perception versus motor capacity 
with the open table top needs some further considera- 
tion. The case of Boy E quoted above (R2) suggests 
that definite pulling in of the string offers a more dif- 
ficult mechanical problem than getting the lure in 
reach by straining forward and fortuitously moving 
the string. Boy E’s perception here appears to be in 
advance of his motor capacity. It is also likely that 
definite pulling is more difficult than producing a 
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movement of the lure by fingering the string and carry- 
ing it to the mouth. 

The difficulty of drawing lines between complete in- 
sight, partial insight, and lack of insight is evident 
from the examples of behavior that have been given. 
Even in the performance of Girl B at 28 weeks, classi- 
fied as Type a, there is a possibility of fleeting moments 
of awareness of lure and string in relation to each 
other, and the same is true of Boy E at 32 weeks in the 
performance classified as Type b. In the Type d be- 
havior of Boy G at 32 weeks we had to admit the 
possibility that the behavior actually was of Type e 
but modified by the motor difficulty. 

Even after the appearance of successes that seem to 
be of a high perceptive type, further development may 
be needed before there is sufficient flexibility to permit 
success when the string appears in a new position. 
Flexibility of perceptive attitude is lacking when the 
string seems not even to be regarded in its changed 
location (Girl B, 40 weeks, LI; Boy G, 32 weeks, 
LI). We might say that here the infant has been using 
not simply “string,” but “string on the right” though 
we do not mean to imply that the analysis is on pre- 
cisely such an ideational level. It seems to be “string 
on the right” rather than merely “the right,” since the 
infant does not persist in activity centered about the 
place where the string previously was. [See the case 
of Boy C at 48 weeks (p, 282) , for evidence that there 
is a definite expectation of finding the string in its 
former location.] 

Similar evidence of degrees of insight has been 
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found by other investigators. Ruger (27, p. 11) calls 
attention to the mere observation of the portion of the 
puzzle to be attacked as a "low grade of analysis." 
Our cases of "lack of flexibility” bear a resemblance to 
such "locus” analysis, though they are not entirely 
parallel, Koffka ( 19, p, 279) calls attention to "an- - 
ticipations" and refers (19, p. 213) to "the first weak 
pushes” which Kohler’s youngest ape, Koko, gave in 
the box experiment (20, p. 41) as evidence that "the 
connection between the box and the goal was beginning 
to ‘dawn, 1 ” Alpert (2, p. 67) speaks of "the unstable 
nature of insight” and enumerates cases of problem- 
solving accompanied by partial insight. Wyatt (37, 
p, 377), after his analysis of Ruger’s and Peterson’s 
experiments, concludes that "the act of insight .... is 
often a succession of glimmering apprehensions, and 
is found in all degrees from elusive and indefinite 
dimness to a clear and convincing definiteness.” 

In the case of infants the ambiguous, imperfect, 
spasmodic cases seem to give evidence that the ma- 
turity level is not quite adequate to the problem. 
Every infant eventually reaches a stage after which he 
is always successful in this simple problem and his 
successes seem to be consistently of Type e . Shall we 
say that by this time he has "learned” the use of the 
string? The study of identical infant twins by Gesell 
and Thompson (12) shows that general maturation is 
more important than specific experience in the de- 
velopment of stair-climbing and manipulation of 
cubes. Undoubtedly, gross motor and fine motor de- 
velopment, maturation of the nervous system, develop- 
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ment of visual span, and the effects of previous ex- 
perience are all involved. It must be when all these 
are adequate that we find the instances of sudden 
change in perceptive attitude developing within a 
given examination and consistently followed by suc- 
cesses of a high type. Boy G at 36 weeks and Girl B 
at 44 weeks are examples. A more striking case is that 
of Boy F at 36 weeks, which will be presented in the 
next section (pp, 286 ff.). In the case of Boy F the 
change seemed to come first from observation of the re- 
sult of a rather fortuitous encounter with the string, 
but the observation of a very slight “chance-produced” 
movement was followed by a rather definite and effec- 
tive tug, and the new attitude persisted when the 
string appeared in a different position, In the case of 
Boy G and Girl B, catching sight of the string seemed 
to change the aspect of the situation. 

Of course, in such cases as those of Boy G and Girl 
B one need not assume that there is more than a re- 
latively new perception of relationships. Boy G at 32 
weeks had shown distinct approaches to a performance 
of Type e. The situation at 36 weeks, however, pre- 
sented the problem afresh, and time was required to 
see the elements in relation to each other again. Girl 
B, in fact, seemed to need to discover the string anew 
at the beginning of each successive examination. Even 
though many of these infants (including Girl B but not 
Boy F) at home had objects with attached strings to 
play with, the exact visual pattern presented by the ex- 
amination was probably never encountered outside. 
Though the behavior in the Multiple-Strings Situa- 
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tions sometimes shows the development of rather 
specific habit trends, the first right-hand and the first 
left-hand presentation of the Single String may be con- 
sidered relatively new problems, particularly at 36 
weeks. The failures to see the string in a changed 
location indicate that the lure with the string on the 
left is a new problem. 

Though the perception of relationships occurring 
here may be only relatively new, nevertheless, it is 
new. Do not problems vary in difficulty in part ac- 
cording to the novelty of the perception that they 
demand? 

Analysis of Time Records in Relation to Perceptive 
Altitude, The fact that Ruger (27, p. SO), Thorndike 
(34, pp. 189-191), and Bingham (3, p. 44) speak of 
the relation between insight and variations in the 
solution-time suggests an analysis of the time records 
in relation to perceptive attitude, Adams (I, p. 93) 
seriously questions the validity of the time criterion in 
animal experimentation, since the total time from be- 
ginning to solution is frequently lengthened by periods 
of inactivity and apparent indifference to the objective. 
It may be true that the presence of a sudden reduction 
in time score is evidence for a marked advance of in- 
sight Occasionally in our experiment a lengthening 
of the time seemed actually to be conditioned by an 
advance in perceptive attitude, as in the failure of Boy 
E at 32 weeks (p. 269), but this was noted with an ad- 
vance from Type a or b to c rather than with advance 
to Type e. Bingham (3) comments on the "rise oc- 
casioned by exploratory interruptions of consistent pro- 
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cedures.” This phenomenon also appears in some of 
Ruger’s curves (27, p. 65). 

Our group medians for time required in the situa- 
tion with grill show a rather abrupt drop between 36 
and 40 weeks in the presentations where the lure was 
pulled in reach, and a similar drop between 40 and 44 
weeks for all the presentations. To be sure, the time 
is determined by motor capacity to a considerable ex- 
tent. This is the period in which the characteristic 
mode of hand approach to an object changes from 
circuitous to straight (Halverson, 16). The number 
of tugs used to pull the lure in reach becomes charac- 
teristically one or two instead of three or more (Figure 
12) . That a rather sharp change in perceptive attitude 
is also taking place, however, appears in Figure 13. 
Between 36 and 40 weeks the successes of other types 
than e or e? almost entirely drop out, and all cases 
where there is success approximate Type e in the 
records that permit any sort of decision on this point. 

We now proceed to an examination of the time 
records in individual cases, confining ourselves to the 
situation with grill unless otherwise stated. 

We have already quoted two instances of reduction 
in time score following activity of Type e } although 
we have also noted instances where successes of Type 
e were followed by failure when the position of the 
string was changed. Reference to Table 7 reveals cer- 
tain significant periods in the record of each subject 
who was followed all the way from 36 through 44 
weeks. The type of perceptive attitude through these 
periods will be considered in each case, with frequent 
quotations from the protocols. 
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Boy B 

32 weeks . Successes LI anti Ml were of Type d, 
Failure in R2 was due to motor distraction and to dif- 
ficulty in securing the string, B scratched at the 
string, looking back at the lure, but fell over to the 
right. He pulled himself to his feet, and, when re- 
placed in position, pulled himself over to the Ex- 
aminer. In L2 , after looking from lure to string and 
scratching at the string, he began to fuss. M2 is 
characterized by behavior that sounds like Type e, but 
the record is incomplete on the subject of regard, and 
therefore has not been counted in the frequencies for 
Figure 13. B "reaches for the string with his right 
hand through Space S/l, secures string with right 
hand. By drawing his hand far back at right, pulls 
cat within reach, As soon as it is within reach, he 
reaches for it . . , grasps it , and carries it to his 

mouth.’ ’ 

36 weeks, KJ, Type c. 50 jecondf. B looks at the cat, looks down 
at platform, looks buck at ent, turns to the right, looks at cat nnd 
bounces back and forth, waving arms and smiling. lie looks at cat, 
brings hands together and makes a breathy noise. Pulls himself 
up to grill, looks down at string on right, picks it up in left hand, 
brings right bund to it, pulls it in a little. Cat begins to move; B 
looks back at cot, waves right arm and jerks string. This brings 
the cat about half way across the table. As soon as the cat is within 
reach, B seizes it. 

LI. Type d. SO seconds? B mills himself closer to the grill, look- 
ing fixedly at the cat. He presently looks down at the string on 
the left, scratches at it with left hand while looking at cat. After 
pulling the string a little way in, he drops it, looks back at cat and 
is very active, waving arms, but does not try to reach it through 
grill. As he is too close to the grill, the Examiner moves him back 
a little bit. He looks at the Examiner for a few seconds, presently 
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looks back at the cat, picks up the string with left hand, gives it 
another pull which brings the cat to the edge of the table where he 
grasps it as soon as it is within reach. 

R2. Type d. 55 seconds, B leans forward, reaches with left 
hand toward cat in center. I'le looks at the string and scratches at 
it a little bit with left hand. He brings right hand on table and 
scratches it, picks at the end of the string with his right hand. He 
picks up the string in his right, hand, pulls cat about half way across 
table, waves hands and drops string, He brings both hands up to 
Spaces 5 and 6, picks up string again and brings cat to side of table 
within reach. He picks it up. 

L2. Type e. 30 seconds. B leans forward ; reaches through 
Space 5A with left hand far the cat; then sits up straight. He 
reaches for string with left hand, pulls the cat about half way across 
the table, drops string, tries to reach cat, barely touches the tail, 
picks up the string with left hand, gives another jerk, drops string. 
Picks up cat. 

Boy G 

Boy C’s record at 36 weeks has already been quoted. 
His difficulty in R1 apparently was failure to see the 
string. Transitional stages between the 28-weeks 
period and the 36-weeks period are seen at 32 weeks, 
where there occurs a drop in time similar to that shown 
by Boy B at the same age. 

32 Weeks . In Rl and LI the string was not re- 
garded. Ml is quoted as an example of transition from 
Type a to c and even to d . 

Ml. Types a, c } d . 105 seconds, C regards cat for about a 

second, looks back at the Examiner, looks again at the cat. Looks at 
string, scratching at it with left hand, having reached through Space 
5A. Picks up string, carries it to mouth. As he docs so, the cat 
tips over. Looks at cat, looks at string, pulls his left hand back and 
looks at cat as it comes in about half way across the table. C carries 
string to mouth again, holds part of string in right hand, another part 
in the left and looks at stretch between. Vocalizes and draws cat a 
little farther in. Drops string as he tries to reach cat directly. The 


l 
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cut: is slightly out of reach, C contacts string, scratches string, pulls 
string farther, looking at cal. Tries to reach cat with the right 
hand, touches it but does not scute it. Picks up string with left 
hand, pulls cat to the edge of the table and secures it. 

R2 was of Types c and d. In L2, he fussed and 
slumped down in the chair, though he scratched a little 
at the string. 

M2. Type cf J5 seconds? C look# at the car, down at the 
string, scratches near it with left hnnd. Contacts string, begins to 
fuss. The cat is squeaked again. C stops fussing, picks string up 
with left hand, transfers it to right band, pulls cat in reach with one 
pull, prebends it as soon as it is within reach. [The cstininte of 35 
seconds includes allowance for the fussing.] 

From 36 weeks on, Boy C's performnnees are of 
Type Cj though At 40 weeks he is a little slow to see the 
string on the left. At 48 weeks his expectation that the 
string will continue to be on the right is so strong as 
to result in failure. A section from the protocol is 
quoted here, so that the reader may see the evidence 
that “representative factors" were present and also the 
compensatory scratching of the blotter mentioned above 
in the case of Boy G (p, 266). 

"C 'looks at cat, then at the right-hand side of table, and points with 
Ilia index finger. Looks at Examiner and back to cat, reaching 
through Space 6/f with left hand, looking at the cat and also at the 
table in that direction. With Iris right hand he reaches through 
Space 7 A and seems surprised not to find the string where it was 
before. Drags hand in, vocal wring, 'uh uh.’ Picks up the blotter on 
the right. Looks around the room. Turns to the left, scratching 
the blotterri* 

Boy D 

Boy D was an infant much advanced in gross mo- 
tor ability, with a strong motor drive and a rather inv 
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patient disposition. At 36 weeks, in R1 and LI, there 
was an evident conflict of interests, in which the lure 
and string competed unsuccessfully with the activity of 
standing and bouncing up and down. After 145 sec- 
onds and 180 seconds, respectively, hope of victory for 
the lure and string was abandoned by the Examiner. 
In Ml, though the conflict continued, there was 
enough positive activity toward the lure to encourage 
a prolongation of the period, and after 245 seconds the 
lure was secured, with an apparent perceptive attitude 
of Type c. After the lever situation, R2 and L2 were 
responded to with fussing, rising to a standing position, 
and very little evidence of interest in the lure. The 
infant was taken out of the examining room, since it 
seemed useless to proceed further. After a two-minute 
interval, a second opportunity with R2 and L2 was 
given. The Examiner’s report is quoted below: 

R2. Type c, 120 seconds. D is brought hack into the ex- 
amining room and set on the platform before the grill. He begins 
to cry. The roly-poly doll is put in place with the string on the 
riffht. D quiets as he looks at it, He begins to fuss again but quiets 
as the doll is tapped on the table. He reaches for it with his right 
hand but turns over to the right side rail and starts to pull himself 
up. He sits down again with his back to the doll. The Examiner 
rocks the doll again. D looks at it, lowers himself to a sitting posi- 
tion, reaches with his left hand directly for the doll through Space 
4 A and scratches at the string with his right hand through Space 
6 A. He brings his left hand over to the string, secures the string 
and brings the doll half way across the table. He tries to reach it 
and releases the string while reaching. He fusses as he unsuccess- 
fully reaches for the doll. While reaching for the doll, first with 
his left then with his right hand, he encounters the string and closes 
his right hand on it after several seconds. He pulls the string and 
brings the doll to the edge of the table. 

L2. Type e. 45 seconds. The doll is rocked and D looks at 
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it He looks at the Examiner, fusses a little bit He looks at the 
string, scratches at it with his left hand. 11c seevires it in his left 
hand and draws his left hand back so that the doll comes in. By 
waving his hand several times he succeeds in pulling the doll to the 
left front corner of the tnblc. He reaches through Space 15 with 
bis left hand and takes the doll by the head. 

Enlistment of interest, induced in R2 by a change 
of lure and enhanced in L2 by the preceding success, 
seems to have been a strong facilitating factor. 

Drops in Boy D's time scores after 40 weeks were 
due to increasing facility in the mechanics of string- 
pulling, or in the length of reach across the table in 
cases where the first tug was a short one. His adjust- 
ment to the test situation became increasingly better as 
standing ant! cruising lost some of their novelty, and 
this also helped to lower his time record. 

Boy E 

In the case of Boy E at 36 weeks, it was hard to tell 
whether he considered the string-pulling or the table- 
scratching to be the efficacious gesture, In ft l, with- 
out the grill, he scratched the tabic with left and right 
hands while he looked at the lure and apparently did 
not notice the string. In LI, as he looked at the lure, 
his scratching hand was on the string. He gave a start 
as the lure fell over; his hand closed over the string, 
and he pulled the lure to the platform, In M\ he 
leaned forward stretching as far as he could toward the 
lure and scratched the table with his left hand while 
he grasped the string with his right. In 15 seconds he 
had pulled the lure off the tabic. In a later presenta- 
tion with grill which is quoted below from the proto- 
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cols, there appears to be more awareness of the string. 
The quotation is given in order that the behavior may 
be compared with that at 40 weeks where the drop in 
time score occurs. 

36 zveeks. M2. Type c. 123 seconds. E looks at the cluck. 
Scratches on string repeatedly with his left hand. The duck begins 
to roll in. Scratches tabic top near string, his left hand almost rest- 
ing on string. Secures string in hand and draws duck half way 
across board, 45 seconds. Looking back at it with string in hand, he 
scratches again on table top. Looks at string. Looks at duck. 
String is caught in fingers, but as lie raises his hand, he lets it drop. 
Looks back at duck with a whistling pucker of the mouth. After 
1 minute 45 seconds lie looks at string again. Secures it by the 
thumb and side of index finger of left hand. Pulls string and in 2 
minutes 3 seconds secures duck in right hand and brings mouth to 
wheel although duck is on the opposite side of the grill, 

At 40 weeks the behavior is of Type e and, as the 
quotation below shows, would be characterized by a 
low time score in both presentations if it were not for 
the initial timidity. It was found impossible to con- 
tinue this examination into the Multiple-Strings Situa- 
tions because of the infant’s crying. 

40 weeks, Rl. Type e, 60 seconds. He looks at the fish. 
Fish is rattled by the Examiner. For several seconds he glances at 
the Examiner, then back at the fish. Looks at the string on the 
right. Right hand tentatively approaches as it did in the cube situ- 
ation, but is withdrawn. Again he looks at the Examiner. Again 
he approaches the string and withdraws hand, but after 40 seconds 
has secured string, and with a rather slow movement has pulled the 
fish about a third of the way across the table toward him. Releases 
the string as he tries to secure fish directly with left hand. He 
contacts it, but caunot quite reach it. Takes string about 5 inches 
from fish and draws fish within rcacli and secures it one minute after 
beginning of the situation. 

LI. Type e. 20 seconds. After 2 minutes 40 seconds the 
screen is set up. E fusses a little at sight of the screen. Examiner 
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lays the screen down on the tabic, Alter the screen is replaced, 
again E shorn a tendency to fuss, Screen is left in a slightly lean- 
ing position. E fusses a little as fish is trtken nway and put in. place 
behind the screen. Screen is removed, E is looking at the Exam- 
iner, and fusses a little, Fish is rattled, E looks at it and fusses a 
little. Then he looks at the string on the left. Left hand goes 
slightly forward, Left hand is over string several times, lie se- 
cures the string and draws fish to where he contacts it after 20 
seconds. He manages to get left hand over bowl so as to draw fish 
to the grill after 30 seconds. 

The relapse to a long time score at 44 weeks in LI 
is accounted for by the following quotation. 

44 weeks . LI, Ty(>e e. 180 secotuls. E is sitting somewhat 
back of position and slightly to the left, It seems inadvisable to move 
him. He leans forward nnd gets in front of the grill on his knees 
rn a fairly good central position, Scratches with right hand in 
direction of fish. Withdraws his hand. Sits hack nnd looks around 
the room. Fish is rattled ngain by the Examiner. E regards the 
Examiner, Vocalizes, "ah da umm da da.” Begins pulling himself 
up by right side rail. Looka up at the light. Glances back at the 
fish. Stands over by the right side mil, then sits down, Looks back 
at the fish, He is about a foot and a half away from the grill, 
Pulls himself to his feet. Looks up at the light again. Looks over 
at the window, Back from it to the light. Vocalizes, "dn da ad a,” 
repeatedly. Fish is rattled nnd lie looks at it, hut looks back at the 
light. Comes creeping from right side of crib to left side. Gets his 
right hand on the string. Secures it between thumb nnd index finger, 
then between thumb and middle linger. It is now 2 minutes 40 
seconds since the beginning of the situation, when he picks up the 
string. One slow pull draws fish off table onto platform. Picks fi 
up from platform 3 minutes after the beginning of the situation. 

Boy F 

Boy F at 36 weeks presents the most striking case of 
a rather sudden appearance of Type c within a given 
examination period. In R 1, LI, and Ml, he at no 
time contacted the string, though he apparently looked 
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at it from time to time and once moved his hand to- 
ward it a little. He regarded the lure frequently, but 
his behavior was of the type referred to in a previous 
section as “less adaptive.” When the grill was re- 
moved, and the same lure was used again, the behavior 
was as quoted below: 

36 zveeks. Without grill. Rl, Type d . 40 seconds. F 
looks at cat and smiles a little bit. As he pats the table top, his 
right hand comes down on string. He secures it in his hand and 
pats on the table top. Transfers it to his left hand. Looks back 
at the cat as it falls over. Looks at string. Another tug brings cat 
to where he has secured it about 40 seconds after beginning of the 
situation. 

LI. Type e. 16 seconds. [Note resemblance of initial be- 
havior to that in the preceding situation.] F looks at cat, pats table 
top with right hand over at the right. Looks over at right where 
he is patting. Looks over to left. After patting table top once in 
that direction, he picks up the string, watching the cat come in. 
With one tug he brings cat to where he secures it 16 seconds after the 
beginning of the situation. Transfers it from one hand to the 
other. Drops it on the table. Scratches at the string. Picks up 
the string and draws cat a little way on the table. Carries it to his 
mouth, having secured it again. 

When the grill was replaced the string evidently was 
not seen at first, an example of the functioning of the 
grill as a visual barrier. The nature of the success in 
M2 led the Examiner to present R2 and L>2 again. 

36 weeks. R2. 90 seconds. F’s gaze goes to the fish from the 

screen. Fish is rattled by the Examiner. F continues looking at it 
for about 10 seconds. Looks at the Examiner momentarily. Looks 
back with a prolonged regard for the fish. Looks from fish down to 
near edge of table. Looks over to right side rail and grasps it with 
right hand. Strains toward left side rail with left hand. Exam- 
iner shakes the fish again, F looks at it. Turns again to pulling 
toward side rail, He is moved away from the rail by the Examiner, 
but his hand goes hack to side rail. Looks toward Examiner, ex- 
tending tight hand toward her, 
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£2. 55 seconds. looks at fish for about 3 or 4 seconds, 
Glances to the left of the room. Again at the fish. Leans to the 
right and picks up blotter. Gaze comes back to the fish. Looks up 
to the ceiling, and down to tile fish, protesting momentarily. Looks 
around the room. Gaze comes back to tbc fi&h and rests there for 
about 3 seconds. He sputters, looking at the Examiner. 

M2. Type d> 25 seconds, F regards fish. Gaze conies down 

to the string, As soon as lie sees the string, lie picks it up in his 

left hand. Watches the fish come in to ahout 4 inches from edge of 
the table. Looks nt it. Picks up string again. Gaze goes to the 

fish, which is in easy reach. He secures it 25 seconds after be- 

ginning of situation. Waves it up and down, carries it to his mouth, 
mid hits it on the grill. Transfers it from one hand to the other. 
Vocalizes as he chews on it. 

R2 repented , Type tl. 20 seconds. F looks nt the fish. After 
about 8 seconds he looks at the string on the right, fingers it with 
his right hand. He begins to pull string. With two tugs be has 
pulled fish to where he secures it 20 seconds after beginning of situ- 
ation. Puts it back on tbc table, Picks it up again. Releases it 
again. Drops it on the platform. Picks it up by the string. Hits 
it on the grill. 

L2 repealed. Type e. IS seconds. He looks from fish to string. 
Picks string up in left hand after 10 seconds. IBooks at fish 
ns he begins pulling string. One lug brings fish almost to edge of 
table. Another tug brings it through the grill, He has secured it 
nbout 18 seconds after beginning of situation. Drops it, picks it up 
by string, and drags it around on the platform by the string. Picks 
it up from the platform and drops it, then bounces it around again. 
He pulls it across his lap by the string from the right to the left 
side of the platform, 

Here in the situation with grill the drop in time ap- 
pears, if not surely with Type e t at least with an atti- 
tude toward the string very different ffom that in R\ 
and L\ . 

The lengthened time at 48 weeks marks Boy F’s 
first and only maladjustment to the examination, 
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Boy J 

Boy J at 36 weeks has two rather long time scores 
with Type e behavior and delayed regard for the string, 
followed by brief times, 

36 weeks. Rl. Type e. 60 seconds, J smiles a little as he 
leans forward looking at the cat. Extends his left hand far out on 
the table, scratching the table top in the direction of the cat with his 
right hand. Pulls himself to grill so that his chair swings around and 
he. looks startled. Chair is moved into position again by the Exam- 
iner. J looks at the Examiner. Reaches to left side rail, looking at 
it. Gaze comes back to the cat, After 50 seconds, lie has looked at 
the string. Secures it in his right hand, looking at the cat as he 
does so. He pulls string. One tug brings cat to where he contacts 
it 60 seconds after the beginning of the situation. 

LI. Type e. 67 seconds. J is looking at the cat before it is 
squeaked. Continues looking at it. Leans forward. Pulls himself 
to the grill, tipping the chair forward, open mouth approaching 
Par 4. Chair is brought down to the platform by the Examiner. 
Looks to right side of table. Turns to left, pulling at Examiner. 
Pulls himself up to grill, again tipping himself forward in chair, 
Chair is brought down by the Examiner. Pie begins kicking with 
both knees, v>mkr the. table, top, rocking hack nvrd forth, w etching the 
cat. Hits grill with both hands. Pulls himself close to grill, open- 
ing mouth as he approaches Bar 4. After 55 seconds he secures the 
string in left hand. Pulls it in watching the cat. Brings cat with 
one tug to edge of table and secures it as soon as it is in reach. 

The first of the Multiple-Strings Situations is 
quoted next, since it follows in the examination. 

Perpejidiciilar Parallel Strings, Rl. 25 seconds. Looks from 
doll down to the string. Reaches for string with left hand, then 
with right hand, looking at the doll as he scratches and opens and 
closes his fingers on string, evidently trying to prehen d it. After 20 
seconds he has secured the string and brought the doll with one tug 
to where he contacts it about 25 seconds after the beginning of the 
situation. 

At 32 weeks Boy ps only successes were in the 
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situation without grill, anrl they were of Types b and 
c although the time was short. 

Boy K 

Boy K is a case that is hard to classify but his record 
is presented rather fully so as to make plain the diffi- 
culties that it offers. At 32 weeks in MI and £2 he 
brought the lure in roach in a time that is remarkably 
short at that age, and, though his behavior is classified 
as Type c, one must admit that it sounds very much like 
that which has been called Type c in other cases, One 
factor which led to giving the lower classification to 
these successes was their inconsistency with the be- 
havior in the performances that followed. Yet this 
lowering of quality may have been due to the thwart- 
ing influence of mechanical difficulties. 

32 weeks. Ml . T'y/i e c. 45 seconds. Squeaking of the cat 
calls hia gaze to it. lie looks at it for several seconds. Glances 
down. Looks nt it again, and then glances down. Looks over to the 
left, glances down, l^ioka over to the right. After 20 seconds, 
while he is looking down at the string, left hand begins scratching 
on it. Draws it n little bit through tile grill. Draws cat half way 
across table. Looks at the cat there, having released string. Gets 
right hand through Space 5// onto cat. Mas secured it about 45 
seconds after the beginning of the situation. 

J? 2. Type c, 30 seconds. K regards cat for several seconds. 
Glances over to the left, Looks down at his dress. Looks back at 
the cat with rather a prolonged regard. After 15 seconds he has 
glanced over at tile string on the right. Immediately begins scratch- 
ing at it with right hand, As he scratches at it, he watches the cat 
as it begins to come in. One tug brings cat to where lie contacts it 
30 seconds after the beginning of the situation. It is then at the 
edge of table, He fingers it. Draws back his right hand over the 
string to the full length of the string. Does this about four times, 
The eat is caught around Bar 7 nml docs not come through the 
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grill. Carries string to his mouth. Rubs right foot on the plat- 
form. Draws string back again with right hand as before. String is 
caught over the fingers of his right hand, Continues holding it there 
as he draws hand back from grill. Fingers cat as it lies on the edge 
of the table. 

L2. 165 seconds. K regards cat, but glances over to the left. 

Looks at the cat, at the ceiling, then at the Examiner. Looks back: 
at the cat. Fingers his right bootie. Regards the cat. After 30 
seconds he has looked at the string on the left, Looks back to cat as 
he pokes at string. Draws back left band at side. Cat comes one- 
fourth of the way in and falls over. Looks at it, scratching down on 
the platform by the end of the string there. Does not secure the 
string. Looks at the cat, with both bands on the grill. Looks at the 
Examiner with a prolonged regard. Then looks back at the cat 
momentarily, but looks at the Examiner and smiles. Rubs left foot 
on the platform and picks at his bootie, After 1 minute 45 seconds 
he is extending left hand through Space ZB toward the cat, but 
withdraws it. Looks over to the left. Examiner squeaks cat again. 
Looks at it, but looks up at Examiner’s hand which is over the top 
of the side rail. Looks down at string which is over edge of the 
platform. Fingers it Looks up at the Examiner and smiles. Looks 
around the room. 

M 2, 90 seconds. K was already Looking at the fish. Extends 

left hand in direction of it through Space 3 B, Then right goes through 
Space 6/?. Scratches a little on the table top. Glances at string. 
Scratches at string, while looking at the fish. Left hand, scratching 
on string through Space ZB, is not able to prehend string. Right 
hand goes through Space SB toward the fish. Brings right hand 
down on the string. Scratches at the string a little. Extends right 
arm to right side rail. Looks around at the Examiner. Back at 
the fish. His face is close to the grill, Botli hands are on the 
grill. He is moved a little farther away from the grill by the 
Examiner. Fish is rattled again. Looks at the fish, then over at the 
Examiner. Looks back at the fish, and perhaps down at the string, 
but does not approach the string, After 1 minute 30 seconds the 
fish is brought by Examiner to the edge of the table where K se- 
cures it. 

At 36 weeks, greater facility with the left hand 
seems to cause the fluctuations in time records, which 
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are long when the string is on the right and very brief 
when it is on the left. In both cases where the string 
is on the right, the left hand finally has to come to the 
aid of the right. 

36 weeks, R(. Type c? 55 seconds, K iuoka at the fish. 
Slides up very close to the grill. Puts his right hand through Space 
6, left tli rout'll 4/J, toward the fish, ehmigh the right hand also seems 
to approach the string. After 15 seconds lie 1ms moved the string 
almost to the median line with lifs right hand through Space 61], 
while looking at the fish, Then lie brings his hand in through Space 
6//. He scratches at the string, while regarding the fish all the 
time. Brings the fish with one tug half way across the table. Then 
he puts his right arm through 7/1 and scratches on the string which 
he has released. Withdraws his hand. He approaches it with his 
left hand through Space 4//, then with right hand through II], He 
secures the string and brings the iish to where he contacts it 55 

seconds after the beginning of the situation, hut he cannot well se- 
cure it there with his right hand. He secures the string in his left 

hand. He draws the fish to the edge of the table in the median 

position, where lie draws it with string through the grill 1 minute 25 
seconds after the beginning of the situation. He secures it i minute 
35 seconds after the beginning of the situation with his left hand, 
the string being looped around the base of Bar 4. 

LI. Type e? IS seconds. K leans forward with bis face close 

to the grill. He extends his left hand through Space 4/i and gets 

it on the string as lie looks nt the fish. He contacts the fish 15 
seconds after the beginning of the situation, and by holding the 
string dose to the fish, has brought it to the edge of the table and 
pulled it through the grill 25 seconds after the beginning of the sit- 
uation. Then he secures it in his right hand. Carries to bis mouth. 

R2. Type d. 65 seconds. K looks at cat intently all the 

time it is squeaked. He sits up straighter and leans forward a little. 
Right band goes through Space 6/7 while lie is looking at the cat, 
also looking at the string which his hand is approaching. Looks 
from string to cat, His left hand move? in a little bit on the 
grill, He Secures the string in 1m right hand between thumb and 
index finger 40 seconds after the beginning of the situation, but 
simply waves lifts hand up and down. Does not pull string in. Re- 
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leases it. Secures in left hand. Pulls cat half way in. Drops string. 
Seems to be reaching directly for the cat. Contacts it 1 minute 5 
seconds after the beginning of the situation with his right hand, 
through Space 6 B. Draws fingers back along the string. Looks 
down at the string. Secures string with left hand. Draws left 
hand back and contacts cat. Secures cat by the tail 1 minute 25 sec- 
onds after the beginning of the situation. 

L2. Type b? c. 10 seconds , Looks at the fish. Gets left hand 
on string without having seemed to be particularly looking at the 
string. Looks off to the left corner of the crib. By pulling the 
string he brings the fish to where he contacts it 10 seconds after the 
beginning of the situation. Drops string and makes an attempt to 
secure fish directly, but does not secure it until 40 seconds after the 
beginning of the situation. 

A drop to a consistently lower level does not occur 
until 40 weeks, and here the check on the consistency is 
almost lost because of the crying at the end of the ex- 
amination. The preference for the left hand appears 
again here. 

40 weeks. Rl. Type ef 85 seconds. K leans forward giving 
the cat a prolonged regard. After 15 seconds his left hand goes up 
to the junction of Bars 3 and Aj then his right hand goes up to Bars 
4 and A. Pie leans over close to the grill, looking at the cat. He 
looks at the Examiner, at the lower frame of the grill, at the cat, 
and up at the Examiner. He scratches on the table through Space 
bA. He has not yet regarded the string apparently. After one 
minute he glances over to the right. He may have seen the string 
then, but he looks farther around toward the back of the crib. His 
gaze comes back to the string, He contacts it with his right hand 
and pulls end of it off table. Secures the string in left hand. After 1 
minute 25 seconds he has contacted the cat, having brought it with 
one tug to the edge of the table. 

LI. Type e. 10 seconds. K looks at the fish, then immediately 
down at the string on the left. Looks back at the fish. Gets his left 
hand on the string. Secures the string. While looking at the fish, 
pulls the fish with one tug of his left hand to the edge of the table 
and contacts it 10 seconds after the beginning of the situation. 
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[The high grade assigned to R 1 seems partly to have been inferred 
from the behavior in LL] 

R2, Type x, {Record incomplete on subject of regard.) 20 
seconds f Hell is removed, The screen is removed. K begins to 
cry and continues crying while extending his left hand toward the 
automobile. After 15 seconds lie secures the string and pulls auto- 
mobile off the table. Me picks it up, but continues crying as he holds 
it in his mouth. The hell is set cut the plat form and he stops crying. 

In L2, the Examiner did not venture to remove the 
bell from K, and he made no approach to the lure or 
the string. 

At 44 weeks, R l required 45 seconds because Boy K 
cried for 40 seconds before he looked at the string. In 
LI his time would have been shorter if he had not had 
difficulty in prehension of the string. These two per- 
formances are classed as Type e? since the interest 
seemed to be as much in the act of pulling as in secur- 
ing the lure. 112 and L2 were of Type e. 

Girl C 

Girl C’s success at 40 weeks in M I and R2 are 
classed as Type x, since the record with reference to 
the securing of the string was fell to be too incomplete. 
The two presentations of L2 quoted below illustrate 
one type of distraction that occasionally arose, and the 
improvement in the behavior when the distraction was 
past. 

40 t uceks. L2, C gives n prolonged regard to the cat. Glances 
over to the right to her mother momentarily. Looks down at her 
right knee as she kicks with right foot on the platform, Grunts, 
Squeaking of the cat calls her regard back to it. Cat is also hit on 
the table, She regards it. Pulls herself close to the grill. Does not 
seem to regard the string yet. Moved back from the grill by her 
mother, Pulls herself up close to the grill, bumping head on the 
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grill while regarding the cat. Kicks her right foot on the platform 
while regarding the cat. Voids. Is taken out to be changed. Mother 
reports that home training in reference to elimination has begun. 

L2 repeated. Type e. 15 seconds, When put back in the crib, 
she begins to fuss a little. Quiets as she looks at the fish. Looks 
from fish to string on the left. Secures string in left hand. With 
one slow tug brings fish to edge of table, contacts, secures, and 
draws it through the grill 15 seconds after the beginning of the 
situation. 

Girl C never presents a drop to a consistently low 
level, since her records end with 4-4 weeks, and at this 
age, although Rl and LI seem to be of Type e , the time 
is long because of motor distraction and delayed re- 
gard for the string. At 44 weeks Girl C displayed 
only a mild interest in the cat when it was exposed with 
the string on the right. After 80 seconds the screen 
was set up; the fish was substituted for the cat; and R 1 
and LI followed as quoted below. 

44 weeks. Rl, Type e. 50 seconds, Looking at the fish, she 
slides close to the grill, almost sliding under it. Her feet are active 
on the platform, pushing iier up; both hands on the grill. Her re- 
gard is for the fish. She is pulled back from the grill into position 
by the Examiner. The fish is rattled again. This time she looks 
from the fish to the string. Immediately, 35 seconds after the be- 
ginning of the situation, she secures the string in her right hand. 
With one tug she brings the fish off the table onto tile platform and 
picks it up from the platform 50 seconds after the beginning of the 
situation. 

LI. Type e. 60 seconds. C looks at the duck- Extends her 
right hand through the grill onto the table through Space 7 A. She 
pulls herself close to the grill and almost slides under the table. She 
is pulled back into better position by the Examiner. Her right hand 
makes an approach to the duck and her left hand pulls her up to 
the grill so that she almost falls over backward. After 40 seconds 
she appears to regard the string for the first time. She reaches for 
it with her left hand though her light linn cl is still extended toward 
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the duck through Space 6 LI, After one minute she secures the duck 
by the bead, having brought it with one tug to the edge of the table. 

Girl D 

Girl D's behavior at 40 weeks was much compli- 
cated by a tendency to pull herself to standing by 
means of the grill. Aside from Ml, where the record 
is classed as x on account of the gaps it presents, the 
only occasion where this distraction was overcome was 
RZ ) where the success was of Type e. 

40 weeks. Ji2, Type c. 60 seconds. D extends right arm as 
far as it will go til rough Space 5Ji toward the lisli, while regarding 
it. Then both hands go on the grill find she pulls herself to it, al- 
most sliding under. She is pulled back by the Examiner. She seems 
to glance toward the string and her right hand moves in that direc- 
tion, but it may have been moving to right side rail, toward which 
she is now pulling herself. Begins to cry. Fish is rattled again after 
45 seconds. Extends right hand toward the string through Space 
5B. After 55 seconds looks from suing to fish, Secures string, 
looking at fish. Pulls in fish. Pulls off table onto platform 60 sec- 
onds after the beginning of live situation. By waving Btring which 
is now in her left hand, having transferred it from the right, she 
draws fish toward her from the platform. Picks it up after 1 minute 
15 seconds. 

At 44 weeks there is a solid array of Type e successes ; 
but delay of regard for the string, combined with a 
tendency to motor distraction, keeps the time fairly 
long, A greater readiness to remain seated brings the 
time reduction at 48 weeks. 

Girl E 

In the case of Girl E, the factors keeping the time 
high until 44 weeks appear to be motor difficulty in 
pulling and a tendency to find satisfaction in chewing 
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the string. Girl E was more addicted to sucking her 
thumb than any other infant in the group. 

40 weeks. Rl, E is looking at the cat when it is squeaked. 
After looking at the cat for several seconds she glances at the Ex- 
aminer, again at the cat. Right hand is active on Bar A, at 4 and 5. 
After 20 seconds she begins approaching string with left hand, having 
looked at the string. Withdraws her left hand and approaches the 
string with her right hand, looking from string to cat and hack to 
string as she attempts to prehend the string. Moves the string about 
on the table top until it is in the median line, while she attempts to 
prehend it. In reaching over, she leans too far to the left, falls over, 
and bumps her head on the grill. Begins to cr} r a little as she is 
picked up. Stops when the bell is given to her. 

LI. Type df 85 seconds. E looks from the cat to the string, 
then back to the cat, Looks back and forth. She approaches the 
string with her left hand, draws the string through the grill without 
producing movement of the cat, then picks up the string as she pulls 
it in, causing cat to fall over. Looks back at the cat, then at the 
string. Resecures string, which she has dropped meanwhile. She 
pulls string to her mouth hut does not put it in. Looks at the cat, 
which is 6 inches from the edge of the table. Drops the string and 
leans forward. Picks up string in left hand and carries it to her 
mouth, watching the cat as she docs so. Has secured the cat 1 min- 
ute 25 seconds after the beginning of the situation. 

R2. ( Resembles Type a, but not classified because motivation 

seemed too slight.) 105 seconds. E looks from the cat to the Ex- 
aminer; then looks back to the string, Begins moving her hand over 
the string, looking back, at the cat as she does so. Looking back and 
forth from cat to string, after 20 seconds she secures string in her left 
hand, causing the cat to fall over. Looks at it. Carries string to her 
mouth and chews it. Looks at the Examiner, Looks back at the 
cat. Draws the string out of her mouth as she rocks back a little. 
The cat moves in a little. E looks around, chewing the string. Cat 
is now about half way across the table. After 1 minute 30 seconds she 
picks up the string in her left hand, and as she is turning to the 
side to look at the Examiner this movement draws cat to edge of 
table top where she contacts it 1 minute 45 seconds after the be- 
ginning of the situation. 

Change of lure for L2 produced no better results. 
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By 44 weeks, both the motor difficulty and the string- 
chewing have disappeared. 

44 weeks, R1, Type e, 15 seconds, E looks fit tile cat, at 
the Examiner, and back at the cat, then over to the string on the 
right. Secures string in right hand while looking at the cut. Draws 
right band back at side. One smooth, rather slow nig brings cut to 
edge of tlic table where it is contacted 15 seconds alter the beginning 
of the situation. Secures and draws through grill. 

Boys A and If 

Lest the rime records for Boy A and Boy H raise 
some question, a note of explanation is given here. The 
brief time for Boy A at 44 weeks is not to be considered 
evidence of remarkable adaptation on a first encounter 
with the test situation, since he was present at all four 
of the preceding ages, but his protocols were discarded 
because the method of the experiment had not yet 
reached its final form. 

Boy H was not examined at 36, 40, and 44 weeks. 
His long time record at 48 weeks is not to be considered 
as due to lack of examination experience, however, 
since he was perhaps the most irritable and sensitive of 
all die subjects until the 52-weeks examination. At 28 
weeks his was the ease that was discarded because of 
persistent crying. A quotation from his 48-weeks 
protocol accounts for the 105 seconds. 

45 weeks. Rl, Type e, 105 seconds, II looks At the cat, waves 
his right hand at his mother, rocks back and forth, bolding on to the 
grill with his left hand, looks at his mother, and looks at the cat. 
Alter 30 seconds, lie looks over at the string on the right, and Ins 
right Jifind approaches it, but he withdraws it again. He looks nt 
Ills mother, and looks around the room witli his right hand on the 
fin 11, The cut is squeaked again after a few seconds. After 1 min- 
ute and 25 seconds, H glances at the string, approaches it with his 
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right and left hands, secures it in his left hand, and pulls it in a 
little so that the cat falls over. He looks back at the cat as it falls 
over, leans over and secures the string again in his left hand, having 
dropped it, and brings the cat with one tug to the edge of the table 
where he contacts and secures it. 

In the Perpendicular-Parallel-Strings Situation im- 
mediately following these long periods, success re- 
quired only 30 and 15 seconds in the two presentations. 

* # : M 

The relations between time score and perceptive at- 
titude detailed above may be summarized as follows; 

1. An abrupt drop in time score to a consistently 
lower level may occur when a success of Type e fol- 
lows successes of a lower type or actual failures. Ex- 
amples : 

Boy B — 36 weeks 
Boy C — 32-36 weeks 

Boy D — 36 weeks (Type e accompanies interest 
enlisted through preceding success) 

Boy F — 36 weeks (the first reduced score here 
comes with Type d) 

2. The time score may be long, even with behavior 
of Type e } because of delayed regard for the string. In 
such cases the significant drop may follow one or two 
presentations in which Type e appears. Examples: 

Boy G — 36 weeks 
Boy J — 36 weeks 
Boy K — 40 weeks 
Girl B — 44 weeks 

3. The time score may be long even with behavior 
of Type e because of initial timidity. The time then 
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falls when the emotional adjustment becomes better, 
Examples: 

Boy E— 40 weeks 

Boy H — 48 weeks 

4. The time score may be long even with behavior 
of Type t when motor distractions arc combined with 
delayed regard for the string. Examples: 

Girl C— 44 weeks 

Girt D — 40 and 44 weeks (drop at 48 weeks) 

5. The significant drop in time score may occur be- 
tween examinations as Type e develops along with a 
decrease in distractibility and an increase in motor ca- 
pacity, Example: 

Girl E — 40-44 weeks 

6. Pronounced irregularities in time score in a 
given examination may occur where facility with one 
hand is greater than facility with the other. Example: 

Boy K — 36 weeks 



VI 


ANALYSIS OF THE MATERIAL: MULTIPLE- 
STRINGS SITUATIONS 

The Selection of the String for Initial Pulling 

In the Multiple-Strings Situations the first problem 
to be given consideration is the selection of the string 
for the initial pull. Figure 15 shows for each situation 
at each age the percentage of presentations in which 
(a) the attached string was pulled first; ( b ) the 
median string was pulled first; (c) the remotest string 
was pulled first; (d) no string was pulled. 

The selection of the string to be pulled first in the 
several Multiple-Strings Situations seems to depend 
(a) on the visual pattern presented at the moment } with 
the lure considered as the dominating feature ; (b) on 
the pre-existing tendencies to reach in a given direction 
or with a given hand ; and (c) on the presence or 
absence of more general disturbing factors , All of 
these influences may vary with age. 

In the Perpendicular-Parallel-Strings Situation 
there was a pronounced preference for the attached 
string, and the remotest string was least likely to be 
pulled. The preference for the attached string 
reached its maximum at 48 weeks. The slight drop 
at 52 weeks will be commented on later. One may 
wonder why, in spite of its visual disadvantage, the 
remotest string retained to 52 weeks even the slight 
influence that it did. This may be due to the persist- 
ing from the preceding Single- String Situation of a 
tendency to reach to the right or left of the lure to 
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FIGURE 15 

SELECTION OF TUP. STRING FOR INITIAL PULLING IN THE SEVERAL 

Multiple-Strings Situations 

a — nttaclied string; b — remotest string; c — median string; d — no 
string pulled; ex — locomotor activity. 

Note : Occasional discrepancies in percentages arc due to simultaneous 
pulling of two loose strings. 
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secure the string. The median string, which had a 
similar rightness or leftness with respect to the lure, 
and which had the additional advantage of closer 
proximity to the lure, always exerted a greater attrac- 
tion than the remotest string. 

In the Oblique-Parallel-Strings Situation the odds 
were in favor of the median string until 48 weeks. 
From this time on, the attached string received a 
majority of the first choices. By 48 weeks there may 
have been more of a tendency than there was earlier to 
respond to the general right or left sweep of the pat- 
tern, and more initial tendency to reach over to right 
or left for a string rather than directly toward the lure. 
As additional evidence in support of the latter inter- 
pretation, we may note that in the Single-String Situa- 
tion 48 weeks showed the conspicuous drop in direct 
approach to the lure (Figure 5). 

In the Converging-Strings Situation, after 40 and 44 
weeks, where the small number of cases may account 
for the unexpectedly large proportion of successes, the 
odds were practically even between the right-hand and 
the left-hand string with respect to the initial pulling. 
Though the median string appears to have been almost 
negligible in the initial pulling, it played a part in the 
succeeding behavior, and, if the attached and median 
strings were left to choose from after the first pull, the 
median string was fully as likely as the attached string 
to be the second choice. In this situation, where the 
visual advantage of the attached string is slight, the 
choice seems to be strongly influenced by pre-existing 
tendencies to reach in a given direction. At 48 weeks, 
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out of 8 infanta, 3 made all their correct initial choices 
on the right, 2 on the left, and only one was correct in 
as many as three-fourths of the choices. At 52 weeks, 
out of 10 infants, 3 made alL their correct initial choices 
on the right, 3 on the left, and one was correct in three- 
fourths of his initial choices. Such “position habits’ 1 
arc discussed in a later section, 

Even If the choice in this situation were determined purely by 
visual factors, perhaps the -results would be similar. The attached 
and the remotest strings form an isosceles trinnglc with the near 
edge of the rable as a base. As one looks at such a triangle, the two 
lines that meet at the Rpex and form the sides of the figure impress 
one more than a line bisecting die apical angle. 

On the other hand, in some preliminary experiments when the 
Converging-Strings Situation was tried without being preceded by 
the other members of the test series, the Examiner got the impres- 
sion that the median string wtw naturally preferred by the infant, 
and this was one reason why the lure was never attached to the 
median string in the final experimental series. This observation 
favors the “position habit" explanation of the results shown in 
Figure 15. Kohler found that in his multiple-strings experiment it 
was either the most direct string or the one on the right that wns 
pulled first (20, p. 28). 

In the Roundabout-and-Direct-Strings Situation, 
the preponderance of first choices went to the direct 
but unattached string. The graphs for this situation 
furnish the converse to those for the Perpend icular- 
Parallel-Strmgs, Such correct initial choices as there 
are seem to be largely due to the favoring influence of 
right or left position habits. No infant at any time 
was correct in all his initial choices. At 48 weeks, 
however, there was one infant who seemed to correct 
his errors, making wrong first choices on the first pre- 
sentation stnd correct first choices on the second presen- 
tation, both on the right and on the left, 
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The visual pattern in general, rather than in detail, 
seems to have been a determining influence. That in- 
fants at this age are incapable of exact discriminating 
response to such visual patterns as the Converging- 
Strings and the Roundabout-and-Direct-Strings is not 
proved by these experiments. To determine this point, 
it would be necessary to deny rather than briefly delay 
success if the initial choice were wrong, and to see how 
many trials were necessary to establish consistent cor- 
rectness. This would be extremely difficult, though 
perhaps not impossible. Any form of punishment 
other than delay would be likely to make the infant 
negative to the entire situation. Even under the con- 
ditions of our experiment, one infant developed such 
negativity. 

Table 8 shows how small was the median time ad- 
vantage that was gained by pulling the attached string 
first rather than a loose string. 

TABLE 8 

Time Required to Full the Lure in Reach in the Multiple- 
Strings Situations 

Median time (seconds) requited to pull the lure in reach (a) when at- 
tached string was pulled first and no loose strings were separately pulled, 
(b) when one or more loose strings were pulled before the lure was brought 
completely in reach. 


Situation 


44 weeks 

48 weeks 

52 weeks 

Perpendicular-Parallel-Strings 

<«) 

IS 

15 

10 

(*> 

37 

20 

17 

Oblique-Parallel-Strings 

<*) 


10 

10 


(6) 


20 

20 

Converging- Strings 

(«) 



10 


(b) 



18 

Roundabout-and-Direct-Strings 

00 



8 

(b) 



13 
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The transition from 48 to 5 2 weeks is marked m 
general by a slight decrease rather than an increase in 
the proportion of correct initial choices. A phe- 
nomenon correlated with this, and perhaps explana- 
tory, is the increase in the percentage of presentations 
that were preceded, accompanied, or followed by stand- 
ing or locomotor activity. The locomotor drive seems 
to have been a disturbing element even when it did not 
actually take the child away from his activity with the 
lure and strings. At S2 weeks, where the number of 
infants remains approximately the same throughout 
the series of situations, one notices that the amount of 
motor activity becomes greater as the examination 
progresses. 

Aside from, the drop between 48 and $2 weeks, the 
effect of increasing age on the proportion of correct 
initial choices seems to be generally favorable in the 
Perpendicular-Parallel and Oblique-Strings Situa- 
tions, but not in the Converging and lloundabout-and- 
Direct, In the latter two situations, however, the 
number of infants at 40 and 44 weeks is too small to 
justify the first conclusion that the graph suggests, 
namely, that increase in age has an unfavorable effect, 
In the case of some individual infants the decline 
which appears for the group at 5 2 weeks is noticeable 
earlier. 

Certain supplementary data not taken into account in Figure 15 
arc given in Table 9. 

In Item 1, it seems logical that the situation in which some loose 
string most frequently was pulled in along with tile correct string 
should be the Oblique-Parallel -St rings Situation. Where such pull- 
ing ol two strings nt once occurred in other situations it was visually 
because both right anil left hands went on the table at once. This 
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approach with both hands occurred in several instances at 52 weeks, 
though it rarely resulted in the exactly simultaneous pulling of two 
strings. 

If the attached string were insecurely grasped, the resistance of- 
fered by the lure might cause it to snap out of the infant’s fingers. 
Before it was resecured and drawn in, some loose string might be 
pulled. Item 2 shows that such pulling of a loose string before re- 
securing the attached string was most likely to occur in the Oblique- 
Parallel-Strings Situation. The proximity of the strings and their 
general, arrangement in this situation make this result seem reason- 
able. 

From Item 3 it is evident that at 44 weeks there would be an 
appreciable drop in the column for correct initial choice in the Per- 
pendicular-Parallel-Strings Situation if a deduction were made for 
the cases where the attached string, though selected for initial pre- 
hension, was never pulled sufficiently to bring the lure in reach. 

Item 4 presents evidence of correction of errors, especially in the 
Converging-Strings Situation at 48 weeks and in the Roundabout- 
and-Direct-Strings Situation at 52 weeks. Such abandonment of a 
loose string after pulling it in only a little distance could not occur 
if the pull were very impulsive and vigorous. It might be due to 
feeling the lack of the anticipated resistance from the lure, or to the 
fact that the lure was not seen to move in according to expectation. 

When a loose string was the first to be pulled, the direction of 
the infant’s gaze suggested that he was pulling this string as a means 
to secure the lure. In the Perpendicular-Parallel-Strings Situation, 
where this item is reported most consistently in the protocols, regard 
for the lure at the time of reaching for or pulling the loose string is 
reported in all the cases of erroneous initial pulling at 36 and 40' 
weeks and in 94% of the cases at 44 weeks. The behavior of Boy 
E at 44 weeks is quoted here in illustration of this point, and also 
of the correction of errors mentioned above, 

Perpendicular Parallel Strings. Rl. Looking at the doll, E puts 
left hand on median string. Begins pulling it slowly in; watches doll 
all this time, When it is pulled half way in, he releases the string. 
Picks up right-hand string with left hand. Slowly and cautiously, 
watching the doll, he begins to pull it in. As the doll moves, he 
gives a decided start. Gets his hand on the doll 30 seconds after 
the beginning of the situation. 

Occasionally the infant who had pulled in a loose string "looked 
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lying on the table after being: 
pulled in half waj' or less, 
and the attached string- was 
pulled later 



GROWTH OF ADAPTIVE BEHAVIOR IN INFANTS 


309 


puzzled" or seemed to refer the loose string back to the lure. Boy 
C at 40 weeks in the Oblique-Parallel-Strings Situation "looks at 
the duck ; looks at the strings ; looks back at the duck and pulls the 
string farthest to the left (remotest string), He looks at the 
string and waves it a little. Looks hack at the duck and reaches 
through the grill, holding out the string toward the duck. He looks 
at the string as he holds it out at the right over the platform. He 
looks back at the duck, picks up the right-hand string (attached) in 
his right hand and draws the duck with one tug to the edge of the 
table.” This sort of behavior occurred more often at 36 and 40 
weeks than at the later ages. The older infants would proceed 
rather promptly to pull another string, discarding the first one. 

Rather often, on the other hand, at 36 and 40 and even at 44 
weeks, the infant who initially pulled a loose string proceeded to 
activity which seemed to be more concerned with the loose string 
than with the lure. Sometimes there was a possibility that this 
activity was a sort of reference to the lure. Waving of the hand 
that holds a string, for example, seems to be one of the infant's 
methods of pulling. Unless this activity appeared very definitely to 
be directed toward the lure, it was counted as mere "activity con- 
cerned with the stringT This behavior was rare after 44 weeks. 
Its earlier frequency may be an indication of a greater distractibility 
from the original goal or of greater interest in the string itself. The 
frequency of such behavior is shown in Table 10, Item 1, Item 2 
in this table is given merely as a basis of reference for Item 1. Such 
activity concerned with a loose string did not always prevent later 
pulling of the correct string, nor are all failures to secure the lure 
traceable to such distraction. 

Item 3 in Table 10, to be considered in relation to Item 4, may be 
further evidence for a certain amount of interest in the string itself, 
or indication of a perseverative tendency, or a sign of the persisting 
of some initial unsatisfied impulse. This pulling in of a loose string 
after the lure has been brought in reach occurs most commonly in 
the Perpendicular-Parallel-Strings Situation. In this situation the 
loose string more likely to be pulled is the median. If the remotest 
string is pulled in, the median string precedes it. The order of pref- 
erence here is the same as the order of preference in the initial 
pulling. Why does this phenomenon appear so much oftener in this 
situation than in the Conveiging-Strings Situation? In the former 
situation the median string may have exerted an initial attraction 
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Percentage of presentations m 
which one or more loose 
strings remained on the table 
after the lure was pulled in 
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which was overcome by the attraction of the attached string, but 
which produced an effect later. In the latter situation, Figure 15 
shows that the initial impulse, if not directed toward the attached 
string, was directed toward the remotest string. If it were directed 
toward the remotest string, the latter was likely to be pulled in first, 
so that no unsatisfied impulse remained. There never was a strong 
initial impulse toward the median string in the Converging-Strings 
Situation, since by this stage in an examination there was often 
established a habit of reaching to the right or the left but not down 
the center of the table toward the lure. This habit existed to a less 
degree in the Perpendicular-Parallel-Strings Situation, and, further- 
more, in this situation the median string actually occupied a right 
or left position with reference to the lure. 

The Relative Difficulty of the Several 
Situations 

Figure 16 shows the relative difficulty of the four 
Multiple-Strings Situations better than any of the 
other figures. The relative difficulty appears to de- 
pend, as one would expect, on the directness with 
which the loose strings lead toward the lure. 

The Instability of the Level of Selective 
Response 

In compiling the data from the Perpendicular- 
Parallel-Strings Situation for Figure 16, it was found 
desirable to consider separately the presentations be- 
fore the lever situation. In the majority of cases at 
48 and 52 weeks the series of string situations was gone 
through only once (see Figure 3). Where it was re- 
peated, the performance in the Perpendicular-Par- 
allel-Strings Situation in several cases showed one 
error, though it had been perfect before. This hap- 
pened in the case of two infants at 44 weeks, three at 
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FIGURE 16 

Percentage of Infants Who Made a Given Proportion of 
Correct Initial Choices in the Several Multiple- 
Strings Situations 

percentage of the total number of infants examined at the several 
ages who made correct initial choices in (rt) all presentations; (/>) 
all presentations before the lever situation; (r) three- fourths or 
more of nil presentations; (/i) nil presentations on the right but not 
on the left; (r) nil presentations on the left but not on the right. 
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48 weeks, and one at 52 weeks. Fatigue or loss of in- 
terest might have been responsible, or an increasing 
tendency to ‘‘position habit" In the other Multiple- 
Strings Situations this factor seemed to make no dif- 
ference, perhaps because there was less to lose, 

Further evidence of the instability of the level of 
the selective response in the Multiple-Strings Situa- 
tions can be found in Figure 16 by comparing the set 
of columns at the right-hand edge of the page with the 
preceding groups of columns in the same line. This 
last set of columns probably needs more explanation 
than the legend provides. The percentages in this set 
of columns have been obtained by dividing the total 
number of infants who at any age made correct initial 
choices in all or in at least three-fourths of the presen- 
tations of a given situation by the total number (15) 
who entered upon the Multiple-Strings Situations. 
This total percentage for the first two situations is 
larger than the corresponding percentage at any one of 
the preceding ages. 

Examination of the actual composition of the group 
represented by Column c at successive ages will make 
this point clearer. In the Perpendicular- Parallel- 
Strings Situation the infants who make up Column c 
at 44 weeks are Boys B, C, D, G, J, and Girls A and 
E. At 48 weeks they are Boys A, C, F, H, J, and Girls 
D and E. Infants who were in the experimental group 
at both times but who were more successful at 44 weeks 
are Boys B, D, and G, and Girl A, At 52 weeks Boys 
B and D reappear. Boy G was not examined at this 
age ; otherwise those examined were the same group as 
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at 48 weeks. Boys A, C, F, Ii, and Girl E displayed a 
lower degree of selectivity in their response at 52 weeks 
than at 48 weeks. Boy J is the sole infant who is repre- 
sented in Column c at all three ages, It is interesting 
to note that in the Oblique-Parallel-Strings Situation, 
also, he is the only one that consistently contributes to 
Column c at 44, 48, and 52 weeks. Except for him the 
infants in this situation represented by Column c at 52 
weeks are entirely different from those at 48 weeks, 
though all the infants in question were examined 
at both ages. In the Con verging- Strings Situation, 
Column c at 44 weeks represents simply Boy J, though 
at 48 weeks it represents Boy G, Yet the record of 
even this most consistent of our subjects reveals some 
fluctuations. If we examine the composition of 
Column dj we find Boy J always present from 44 weeks 
on in the Perpendicular-Parallcl-Strings Situation. In 
both the Oblique-Parallel and the Converging-Strings 
Situations, however, his only perfect record is at 44 
weeks. His protocols, quoted in the Appendix, make it 
clear that emotional adjustment to the examination was 
the variable factor in his case. 

Position Habits 

Every one of the 13 infants who had more than one 
session with the Multiple-Strings Situation displayed 
a “position habit" in one or more situations at one or 
more ages. Table 1 1 shows for each infant the situa- 
tion, the age, and the direction in which the one-sided 
successes appeared. 

The data are summarized below. 
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TABLE 11 

Distribution of Position PIabits by Infants, Situations, and 

Ages 

R signifies that when the attached string was on the right the initial 
choice was always correct, but when the attached string was on the 
left the initial choice was always wrong. L signifies the converse 
of R. 
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Total number of situations marked by position habit 47 

Right 29 

Left 18 

Total number of infants displaying position habit 13 

Right 9 

Left 6 

Number of infants maintaining the same direction of 
position habit at two or more ages 11 

Number who exhibited shifts of position habit be- 
tween ages ( these infants also maintained the same 
direction for two or more ages) 2 


The relation of position habits to handedness is per- 
haps the first question that suggests itself. Unfortu- 
nately, the protocols do not always state which hand 
was used, In the case of all but one infant, however, 
there is enough of a record in at least one situation at 
one age to make possible the following summarization: 

Right position habit with rather strong right handed- 
ness (Right hand even renehes over finally to pull 
left-hand string) 3 infants 

Right position habit with occasional or exclusive vise 
of the left hand in reaching over to pull the right- 
hand string 3 infants 

Left position habit with use of left hand 5 infants 

(rt) Left hand pulls left-hand string first, hut 

right hand pulls right-hand string 4 infants 

(b) Left hand occasionally reaches over finally to 

pull right-hand string 1 infant 

Left position habit with occasional or exclusive use of 

the right hand in reaching over to the left l infant 

Position habits are certainly not exclusively a matter 
of handedness. 

Another question that may be raised is as follows: 
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In a given position habit, is it always the same hand 
that approaches the given direction, and does it always 
approach the same spot? 

The protocols permit the following tentative sum- 


mary, based on the 47 situations : 

1. Record inadequate 21 

2. Hand and general direction of initial reaching 

remain the same 19 

3. General direction of reaching remains the same 

but hand changes 3 

4. Hand remains the same, but general direction 

of initial reaching varies 3 

5. Both hand and direction of reaching change 1 


The numbers here tally too well with the total; the 
matter is not so simple as they make it appear. <( Gen- 
eral direction of reaching” is not an exact term and has 
probably been much too generously applied. Probably 
Item 2 should be smaller and Item 4 larger. Perhaps 
the case in Item 5 can hardly be called a position habit. 

The three cases of change of the reaching hand with 
maintenance of the general direction of reaching de- 
serve special attention, since they indicate that position 
habits may sometimes represent a rather general 
orientation in a given direction. The protocols for 
these cases are quoted in the Appendix. One of them 
is Boy J at 40 weeks in the Roundabout-and-Direct- 
Strings Situation. Even the general orientation'is only 
partly the same here from one presentation to another. 
A clearer case is that of Girl D at 12 weeks in the Con- 
verging-Strings Situation. In this situation the ar- 
rangement of strings and lure is more favorable to the 
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maintenance of a constant general orientation. Girl 
D was one of the three “rather strongly right-handed” 
infants at 48 weeks. The case of Eoy H at 52 weeks is 
characterized by a shift in the preferred hand from 
right to left with continuance of a right direction 
tendency. 

The relative frequency of position habits in the sev- 
eral situations must be considered in relation to the 
number of infants who were given the situations. 
When a calculation is made on this basis, position 
habits are found to have been most frequent in the Con- 
verging-Strings Situation and least frequent in the 
Oblique-Parallel-Strings Situation, 

Summary of Observations of Position Habits 

1. Right position habits were more common than 
left. The ratio was about three to two. 

2. The direction of the position habit for a given 
child tended to remain constant from one period to 
another. 

3. Position habits were only occasionally accom- 
panied by clear evidence of corresponding handedness. 

4. A position habit usually was characterized by 
movement of a constant hand in an approximately con- 
stant general direction. 

5. Occasionally a position habit seemed to be merely 
a general orientation in a given direction and the 
reaching was sometimes with one hand, sometimes with 
the other. 

6. Position habits occurred most frequently in the 
Converging-Strings Situation and least frequently in 
the Oblique-Parallel-Strings Situation. 



VII 


COMPARISON OF RESULTS AND CON- 
CLUSIONS WITH THOSE OF OTHER 
INVESTIGATORS 

Comparison with Animal Investigations 

Our findings agree with those of Adams (1, p. 161) 
to the effect that motor and perceptual adaptation de- 
velop together. The alliance of the adaptation with 
maturation was brought out in the case of the infant. 
At 44 weeks, and in some cases earlier, the attitude of 
our infants toward the string and lure resembled that 
of Kohler’s chimpanzees (20, p. 27), but we found 
earlier examples of less insightful behavior. At these 
earlier levels there were some examples of rather 
prompt learning by attention to a sequence of events 
(cf. Hobhouse, 18, p. 241), of which perhaps the 
most striking is that of Boy F at 36 weeks (p. 286). 
If we should try to fit our results into Hobhouse’s 
categories (18, pp. 241, 270), we might say that a 
perceptive attitude of Type e indicates at least 
“practical ideas” and even a certain degree of 
“articulation.” Probably the line between practical 
and articulate ideas is no easier to draw than that be- 
tween partial insight and complete insight. Our re- 
sults in the Multiple-Strings Experiments indicates 
that there was not complete analysis of what was per- 
ceived ( cf. Hobhouse), but the behavior here was com- 
plicated by the haste and impulsiveness of the infants. 
With regard to Tolman’s analysis (35, pp. 46-51), we 
might infer that there was “representation” and “fore- 

[ 319 ] 
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sight” in the case of Boy F to which we have just re- 
ferred, when a rather slight “chance-produced” move- 
ment of the lure was followed by a tug that appeared 
purposeful and that brought the lure in reach. “Rep- 
resentation of the ends of acts” could not forestall overt 
errors when the behavior was strongly impulsive, but 
at times it Avas in evidence. There appears to be an 
example of such mental correction in the behavior of 
Boy J at 40 weeks in the Perpendicular-Parallel- 
Strings Situation (Appendix, p. 341) when he 
aproaches the median string but passes on to the cor- 
rect left-hand string without securing the unattached 
one. In our Single-String Situations, when the infant 
was sufficiently mature, it often seemed as if simply 
on sight of the string he passed from a postulation that 
the lure Was inaccessible to the postulation that it was 
attainable and to appropriate action. If he saw the 
string immediately, there was no initial postulation of 
unattainability, At this stage one would probably not 
say that he was learning through insight (or fore- 
sight) : rather, he was acting 'with appropriate insight 
or in accordance with an adequate perception of the 
whole situation. 

Comparison with Studies of Infants 

In a comparison of our study with other studies of 
infants, the emphasis is on results in relation to age 
level rather than on theoretical interpretation. Such 
a comparison must take account of differences in 
method. Our infants were selected from a social- 
economic-educational group distinctly superior to that 
of either the Yale Clinic or the Vienna Institute sub- 



GROWTH OF ADAPTIVE BEHAVIOR IN INFANTS 


321 


jects (cf. p. 218 above). The presence of the grill 
has been demonstrated to make the situation more dif- 
ficult. The differences between our method of presen- 
tation and the Yale normative methods can be seen by 
referring to pages 201 and 217. The comparative re- 
sults of these two studies are given in Table 12, our 
results here being in terms of number of infants rather 

TABLE 12 

Comparison of Results with Those of the Yale Normative 

Studies 


Percentage of infants who pull lure in reach at the 


28 weeks 

32 weeks 

several ages 
36 weeks 

40 weeks 

44 weeks 

Preliminary 
report, Yale 
normative 
group 

25 

47 

83 ‘ 

95 

94 

Group used 
in this study, 
with grill 

0 

54 

69 

92 

100 


It is rather interesting that 4+ weeks, the age at which our group uniformly 
achieved success in every presentation, whether on right or left (see Figure 
5), corresponds to the “end of the tenth mouth*’ at which time K. Biihlcr (6) 
reports for his one subject that the string was always looked for and pulled, 
no matter in what position it lay. 


than number of presentations, and taking account only 
of the presentations with the string on the right or the 
left. The differences in method seem to cancel each 
other out to a considerable degree after 28 weeks. In 
C. Biihler’s series (5) the procedure calls for placing 
the string in or near the child’s hand, and the test is 
placed at 11 months. 

The absorption in the string which Peiser (26) ob- 
served in an infant at the age of a year resembles the 
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Type a behavior which we found chiefly in the situa- 
tion without grill at 28 weeks, though it seems proba- 
ble that the exploitation of the string by the year-old 
infant was of a higher grade. 



VIII 


THE PROBLEM OF MOTIVATION 
Nature of the Motivation 

Though the question of motivation is only incidental 
to the main purpose of this study, nevertheless it is a 
fundamental problem of method. In animal experi- 
mentation of this sort, the lure is usually food, though 
it may be some special delicacy rather than the daily 
ration. Our experiment relied on the fact that if an 
object suitable for grasping is placed before an infant 
six months to a year old it is fairly sure to be grasped 
and manipulated, mouthed, or otherwise exploited. 
The behavior does not suggest a “possessive instinct,” a 
desire merely to secure the object for the sake of own- 
ing it. Rather, the object seems to provide a focus for 
the general “activity drive .” 3 Thus the lure in our ex- 
periment had to compete with other objects that were 
at hand or with mere gross motor activity such as rock- 
ing back and forth, creeping, standing, or cruising. 
In animal experimentation the question whether the 
string rather than the lure might be the objective is 
sometimes raised, and in infant experimentation it is 
even more pertinent. 

3 The activity drive is beginning to receive more consideration in 
animal experimentation. Washburn’s (36) distinction between 
“activity-driven” and “hunger-driven” mice, Tolman’s (35) com- 
ments on the fact that in mazes sometimes the short blinds are 
eliminated first and sometimes the long blinds, and Nissen's (25) 
study of exploratory behavior in the white rat are examples. 

[ 323 ] 
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Adequacy of the Motivation 

That the motivation used in this experiment was 
fairly adequate to the problem is indicated by the fact 
that the results have a rather definite form. The vital- 
ity of the motivation was sufficient so that at 52 weeks 
7 out of 11 infants pulled a lure in reach in 15 to 20 
presentations and 3 infants in more than 20 presenta- 
tions, in the course of about 50 minutes. At 48 and 52 
weeks there were eight occasions on which the infant 
himself replaced the lure far out on the table and used 
the string to draw it in once more. 

Competing Interests 

Figure 17 serves as something of an index to the 
amount of competition offered to the lure by the string, 
by other objects, and by gross motor activity in the 
Single-String-with-Grill Situation. 

At 28 weeks the string was something of an object of 
interest in itself, and, when secured, was likely to be 
held and inspected or carried to the mouth. After 32 
weeks this initial interest in the string was negligible. 
The question of interest in the string in the Multiple- 
Strings Situation was discussed on page 309. 

Distraction of activity to other objects than the lure 
and the string does not include activity of the hands on 
grill and table top or in contact with other objects un- 
less there seemed to be genuine distraction of interest 
from the lure. As the capacity to secure the lure in- 
creased, this distraction disappeared. 

Gross motor activity was somewhat more of a dis- 
tracting factor than the graph indicates, since in some 
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Motives Conflicting with the Drive to Pull in the Lure 
Situation: Single String with Grill 


presentations where the lure offered too slight an in- 
ducement a change of lure brought better results and 
the re-presentation has been substituted in the tabula- 
tions, Inclusion of such cases would never raise the 
curve by more than 6%, and this maximum change 
would occur at ages 36, 40, and 44 weeks. Gross motor 
activity was reckoned as a distraction only if it defin- 
itely seemed to take the infant away from the lure. 
Even when it was not an actual distraction, it sometimes 
was a distinct disturbing factor. At 48 and 52 weeks 
the infants did not pull themselves up and cruise away 
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before pulling in the lure, but they had just been 
standing and cruising and they were probably “set” to 
return to this activity. The possible influence of this 
factor in the Multiple-Strings Situations was discussed 
on page 305. 

Limitations of the Motivation 

In addition to the existence of these competing in- 
terests there seem to be other limitations to the use of 
our form of motivation. In the Multiple-Strings Sit- 
uations the motivation was almost always sufficient to 
insure pulling the lure in reach, and the lure seems to 
have been an important factor in determining the se- 
lection of a string for initial pulling. Yet the technique 
was not one that tested the ability to make perfect 
discriminatory responses. Further experimentation 
would be needed to ascertain the usability of this form 
of motivation with such a technique. 

There are limitations to the length of time that an 
infant can be kept at pulling strings, even with varia- 
tions in the lure. At 52 weeks the interest of Girl A 
suddenly gave out at the beginning of the twenty-fifth 
presentation. “She looks at the doll, but pulls herself 
up by the left side rail and reaches for the Examiner’s 
mouth. Also points at the thermometer.” 

Factors Influencing the Value of the Lure 

The plan of the experiment called for the employ- 
ment of a specific lure with each situation. This plan 
was adhered to in the main, but not rigidly; for it was 
realized that the objective identity of the lure was no 
guarantee of its subjective equivalence when used with 
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two different infants or when used twice with the same 
infant. Though a systematic study of the factors in- 
fluencing the value of the lure would be a problem in 
itself, some suggestions may be found in our data. 

Objective Factors. There was some evidence that 
the fish was more attractive than the other lures, even 
when it had no greater advantage from novelty, The 
bright clear color and the noise-making capacity 
might have been the superior features. 

Subjective Factors. 1. Relative novelty was a 
factor of advantage. Too great familiarity with the 
lure either at home or in the examination reduced the 
interest. The fish had been a favorite lure for Girl D 
through all the examinations until the age of 48 weeks. 
At this age she seemed to be distinctly less attracted to 
it than to other lures. Her mother reported that at 
that time she had a similar fish among her toys at home. 
At 52 weeks the fish was approached as eagerly and 
mouthed as long as other lures. The fish at home was 
reported to have been lost during the interval. At 44 
weeks Boy G rocked back and forth and cried at the 
fourth exposure of the roly-poly doll (the second suc- 
cessive exposure in the latter half of the examination) . 
When the ball was substituted for the doll, he promptly 
secured the string and brought the ball rolling off the 
table, picked it up, and poked at it. It may be that the 
negative attitude toward the doll was partly induced 
by its recent removal; for he had fussed during the in- 
terval between presentations. 

2. Great difficulty experienced in the activity seems 
sometimes to have produced an aversion to the lure. 
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This is partly a matter of temperament. Three of the 
infants at 32 weeks, in a total of five presentations, 
pulled the lure part way in or even within reach, and 
then began to cry, leaving it untouched. These were 
the three infants who ranked as “rather consistently 
irritable” from 28 to 40 weeks. Tyvo of them had the 
same rank between 44 and 52 weeks. 

3. Success seemed to be responsible for increased 
interest in the activity in the case of Boy D described 
on page 284. 



IX 


SUMMARY OF RESULTS AND 
CONCLUSIONS 

Single-String Situations 

1. Between 28 and 44 weeks the infants displayed 
(a) a rapid development in adaptive response to the 
situation; (b) a dropping-out of the less adaptive 
forms of behavior. At 28 weeks, in the situation with 
the grill, the lure was pulled in reach in 3% of the 
presentations,' at 44 weeks in 100%. 

2. Relatively abrupt drops for the group in the 
median time required to bring the lure in reach ap- 
peared at 40 and 44 weeks. 

3. At 28 and 32 weeks the grill was one of the main 
factors that prevented the securing of the string and 
the pulling in reach of the lure. Successes when the 
grill was removed were frequent. The interference 
that the grill offered was chiefly mechanical but partly 
visual. From 44 weeks on, the influence of the grill 
was negligible. 

4. Between 28 and 44 weeks there was rapid de- 
velopment in the motor capacity to prehend and to pull 
the string. The main behavior items that have been 
considered an index to this development are ( a ) diffi- 
culty in securing the string, ( b ) the number of tugs 
given before the lure was brought in reach. Both of 
these items were influenced by perceptive and emo- 
tional attitude toward the whole situation as well as 
by motor capacity. 
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5. The facts stated above demonstrate that the 
adaptive utilization of a string requires the matura- 
tion of certain motor capacities. 

6. Five types of perceptive attitude, representing 
different levels of maturity, were inferred from the 
total behavior during the securing of the string and 
pulling in of the lure: 

a. Interest in the string rather than in the lure, 

b . Interest in the lure and apparently accidental 
contact with the string. 

c. Awareness of both lure and string without evi- 
dent purposive utilization of the string. 

d. Experimentation, 

e. Definite utilization of the string as a means to 
bring the lure in reach. 

Types a and b may be said to represent success with- 
out insight; Types c and d ) success with incomplete in- 
sight; Type e, success with insight. 

7. Types a and b made most of their appearances 
in the situation without the grill. With the grill there 
were relatively few successes that were not of Type e. 

8. From Item 7 we may conclude that perceptive 
capacity and motor capacity to overcome the difficulties 
offered by the grill develop together. With the open 
table top, motor capacity may be in advance of per- 
ceptive response, With the grill in place, perception 
may at times seem to be in advance of motor ability. 

9. In the course of the infant’s development insight 
into this simple problem, in the sense of awareness of 
the means to an end, appears in varying degrees, and 
is lacking in stability and flexibility at first. 
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10. When sufficient maturity is reached, there are 
instances where a new and adequate envisagement of 
the situation seems to make its appearance with rela- 
tive suddenness and to be followed by performances of 
a consistently higher level. Sometimes this change 
seems to come from the perception of a sequence of 
events then and there, sometimes from catching sight 
of the string. In the latter case there may have been 
earlier perceptions of sequences of events in similar but 
not identical situations. 

11. The presence of a sudden drop in time score 
usually is a symptom of a perceptive attitude of Type e. 
It may either mark the first appearance of Type e or 
it may come following a performance in which be- 
havior of Type e was retarded by delayed regard for 
the string, by initial timidity, or by motor distraction. 
The general reduction in median time score between 
28 and 52 weeks is probably due both to motor de- 
velopment and to perceptive development. 

Multiple-Strings Situations 

1. The selection of the string to be pulled first in 
the several situations seems to depend (a) on the visual 
pattern presented at the moment, with the lure con- 
sidered as the dominating element; ( b ) on the pre- 
existing tendencies to reach in a given direction or with 
a given hand; and (c) on the presence or absence of 
more general disturbing factors. 

2. The relative difficulty of the several situations 
seems to be determined by the directness with which 
the loose strings lead toward the lure. 
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3. The level of the selective response to the lure 
and multiple strings is unstable, Variations in loco- 
motor drive, in interest in the lure, and in emotional 
adjustment to the examination seem to be factors that 
prevent a consistent improvement in selective response 
with advance in age. Some infants tend in general to 
maintain a higher level than others. 

4. Position habits appeared in a number of cases. 
They were only occasionally accompanied by strong 
evidence of corresponding handedness, Sometimes 
they involved a change of the reaching hand with a 
maintenance of the preferred direction of reaching. 



x 


PROBLEMS SUGGESTED FOR FURTHER 

STUDY 

1. The development of prehension of the string 
requires cinema analysis for adequate study. 

2. Development in the mechanics of traction is 
another problem that would profit by photographic 
study. 

3. It would be desirable to know the extent of visual 
span of the infant from age to age and to consider this 
in relation to perceptive attitude and to the capacity 
for regarding the lure while reaching for the string. 

4. Another experiment might investigate the pos- 
sibility of obtaining a higher degree of discriminatory 
responses in the Multiple-Strings Situations. 

5. It was uncertain from out results whether the un- 
attached oblique string in the Converging- Strings Sit- 
uation had a visual advantage over the median string, 
or whether its advantage was due solely to the motor 
tendency to reach to right or left of the lure. 

6. A more complete study of the relation of posi- 
tion habits to handedness and of the variability of a 
position habit is needed. 

7. The relative value of food and toys as instigators 
of problem-solving activity might be investigated. 

8. The influence of subjective factors such as fa- 
miliarity, success, and failure on the value of the lure 
could be studied as a separate problem. 

9. Beginning at 44 weeks, more difficult single- 

[ 333 ] 



334 


GENETIC PSYCHOLOGY MONOGRAPHS 


string problems might be introduced, such as the tied 
string or the diagonal string tests. 

Digest 

In this investigation the development of adaptive 
behavior in infants was studied by means of problems 
calling for the utilization of a string to secure an other- 
wise inaccessible “lure.” The subjects were 16 in- 
fants from superior homes who were observed at 
intervals of 4 weeks from the ages of 28 to 52 weeks, in 
a total of 88 examinations. The situations were dis- 
played on a table top, usually behind a grill. Single- 
String Situations were first given with the grill in 
place and were re-presented without the grill in cases 
of failure. Multiple-Strings Situations, offering loose 
strings along with the attached string, were presented 
with the grill ill place, after success with the first set of 
Single-String Situations. The Multiple-Strings Situa- 
ations were of four types, forming a graded series: 
three perpendicular parallel strings; three oblique 
parallel strings; three converging strings; and a 
roundabout and a direct string. 

In the Single-String Situations at 28 and 32 weeks 
the grill was both a mechanical and a visual hindrance 
to success. At 44 weeks its influence was negligible. 
Between 28 and 44 weeks the percentage of successes in 
the Single-String Situation with grill rose from 3 to 
100. This period was marked by development both of 
motor capacity and of perceptive attitude. “Insight” 
into the utility of the string appeared to be present in 
increasing degree with increasing age. The time re- 
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quired for pulling the lure in reach was found to be 
related to perceptive attitude as well as to motor 
capacity. 

In the Multiple-Strings Situations the selection of 
the string for initial pulling appeared to depend (a) 
on the visual pattern presented by the lure and strings 
with the lure as the dominating element; (b) on 
tendencies to reach in a given direction or with a given 
hand; and (c) on the presence or absence of more 
general disturbing factors. 



APPENDIX 

Excerpts from Protocols: Multiple-Strings Situations 

Girl D 

52 weeks 

Oblique Parallel Strings 

D looks at the duck, reaches over for the right-hand string with 
her right hand, scratches on it several times, approaches it then with 
her left hand, drops the string at the edge of the table, finally se- 
cures it 17 seconds after the beginning of the situation in her left 
hand, brings the duck with one tug to the edge of the table, and 
secures it 24 seconds after the beginning of the situation. 

Rl(b) 

D remains sitting in position this time. She turns around to the 
left, is turned back by the Examiner, and the screen is removed. 
She looks at the ball, with her right hand reaches over for the right- 
hand string, secures it, brings the ball rolling over the table with 
one tug, and picks it up from the platform 5 seconds after the be- 
ginning of the situation. 

LI {a) 

D's hands are approaching the right at the time the screen is re- 
moved, but the Examiner sets her so that her hands are in position. 
She looks at the duck as it is tapped on the table. Her right hand 
goes on the table, scratches on the right-hand string and draws on 
it, bringing it down on the platform and continuing to hold it. 
Looking over at the left-hand string, she secures it in her left hand 
and brings the duck with one tug to ahout 5 inches from the 
edge of the table, and secures it 25 seconds after the beginning of 
the situation. She carries it through the grill, momentarily to her 
mouth, releases it on the platform, pulls in the median string with 
her left hand, drops it on the platform, pulls herself up by the left 
side rail, and vocalizes “Ah” to her mother, 

Ll(b) 

D pushes at the screen during the interval, stands lip in front of 
the grill, and lowers herself near the duck on the platform. The 

[336] 



GROWTH OF ADAPTIVE BEHAVIOR IN INFANTS 


337 


duck is removed. D is moved into position and is in position when 
her mother removes the screen. She looks at the hall, extends her 
right hand on the table pulling in the right-hand string, and shakes 
it off on the platform at her right. Her left hand approaches the 
left-hand string, secures it, and brings the ball rolling with one tug 
to the edge of the table where she secures it 15 seconds after the 
beginning of the situation. 

Converging strings 

R H a) 

D is set down from her position on her knees by the side rail, 
moved into position, and her mother removes the screen. She looks 
at the doll, reaches over for the right-hand string with her right 
hand, secures it, and with one slow tug brings the doll to the edge 
of the table where she contacts it 7 seconds after the beginning of 
the situation. She secures it 1 second later, draws it through the 
grill, and immediately to her mouth. 

LHa) 

D looks at the doll, reaches over for the right-hand string with 
her left hand, scratches on it while glancing at the doll and also 
at the string, pulls the string in, drops it on the platform, looks 
back at the doll, pulls in the median string with her left hand, dis- 
cards it on the platform, picks up the string hut drops it immediately, 
looks at the doll, from the doll to the left-hand string, and secures 
the left-hand string. It drops out of her fingers, but she re-sccures 
it, drops it again, scratches on it with her left hand, then approaches 
it with her right hand, secures it finally, and brings the doll to the 
edge of the table, and 50 seconds after the beginning of the situa- 
tion she secures it there. 

Boy H 

52 weeks 

Perpendicular Parallel Strings 
R1 

H looks at the doll, looks down at the end of the right hand 
string, secures the string in his right hand, and looks at the doll as 
he slowly pulls it with three tugs to the very edge of the tabic, con- 
tacting it there 25 seconds after the beginning of the situation. The 
pulling of the doll was done first by a tug with the right hand, and 
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then while the right hand still held the string, the left hand took 
hold farther along, and gave two additional tugs. 

LI 

H’s right hand goes on the table in the neighborhood of the right 
hand string, then swerves in and pulls in the median string. He is 
looking at the duck, and with his left hand reaches away over to the 
right, and pulls in the right-hand string. Both the median and the 
right-hand strings arc dropped on the platform* Then with his left 
hand he secures the left-hand string, and 25 seconds after the be- 
ginning of the situation, he lias secured the duck having brought it 
with one tug to the edge of the table. 

Oblique Parallel Strings 
Rl (a) 

He looks from the ball to the end of the right-hand string, se- 
cures it in his left hand, brings the ball rolling off the table with 
one tug onto the platform, picks it up and carries it to his mouth. 
10 seconds. 

Rl(b) 

H reaches over to the right-hand string, secures it with his left 
hand, and then with his left hand pulls on the siring bringing the 
duck off the table to the platform, securing it 15 seconds after the 
beginning of the situation. 

LU«) 

Looking at the doll, H gets his left hand on the table, and con- 
tacts the right-hand string. Then he pulls in the median string, 
transfers this to his right hand, and while he is holding it down on 
the platform, he reaches for the left-hand string with his left hand. 
After several unsuccessful trials, he secures it, and brings the doll to 
the platform 25 seconds after the beginning of the situation, 

Ll{b) 

Both hands go on the table — the left hand trying to secure the 
string. Left hand draws back about 3 times on the median string, 
secures the right-hand string, and pulls it in. Left hand hastily 
goes back and pulls in the median string, and both these strings are 
dropped quickly on the platform. Left hand goes back and re- 
secures the left-hand string, and the duck is pulled off the table to 
the platform with two tugs, 25 seconds after the beginning of the 
situation. H picks it up m his left hand. 
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Boy J 

36 zveeks 

3:46 p.m, The screen is removed revealing the doll on the right 
with Perpendicular Parallel Strings. J is looking at the Examiner, 
hut he looks at the doll as it is rocked. Looks from doLl down to 
the string. Reaches for string with left hand, then with right hand, 
looking at the doll as he scratches and opens and closes his fingers on 
string, evidently trying to prehend it. After 20 seconds he has se- 
cured the string and brought the doll with one tug to where he 
contacts it about 25 seconds after the beginning of the situation. 
Has some difficulty in drawing it through the grill, and tugs at the 
string as he tries to get it through the grill. Finally he pulls it 
through and holds it suspended by the string, the string hanging 
around the base of Bar 7. Drops it on the platform and secures it 
by the head Later and dangles it by a short length of the string. 
Transfers it from one hand to the other. Drops it under the table. 
Scratches at the string, attempting to secure it, and watching the 
doll as he scratches at the string. Secures the string and draws doll 
within reach and get his hand on it, It falls out of reach again. 
He takes the string, draws it closer, and finally secures it 2 minutes 
after the beginning of the situation. 

3:50 P.M. Screen is set up. Doll is removed with J looking after 
it. He reaches quickly for the screen. Pulls himself to grill and 
almost tips over. Doll is put in place on the left with three Per- 
pendicular Parallel Strings. Screen is removed. J already is look- 
ing at the doll when it is rocked. Looking at the doll, he extends 
first his left then his right hand through grill in Spaces 3 and 6 B 
respectively. Finally he gets right hand on right-hand string. 
Starts to pull it, glancing back at the doll. Goes back to the string, 
scratching at it, Both hands are active, Left hand comes over to- 
ward the string also. Secures it and drops it on the platform at the 
left. Reaches to the Examiner with left hand. Kicks with both 
feet. Extends both hands over table top through grill. Looks at the 
median string. Looks at the doll as he begins scratching at it. Con- 
tinues scratching at the string. Pulls it in with left hand to his side, 
Looks at the doll. Carries string to his mouth and sucks hand 
holding string, but regards the doll, Extends left hand through 
Space 3 B, looking at the doll. Pulls himself to grill with both hands 
on it. Leans forward, watching the doll. Tips the chair forward. 
After 2 minutes has pulled himself toward the grill, hut has not yet 
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contacted left-hand string. After 2 minutes 20 seconds he begins 
scratching on this string, however. Moves it over a little toward 
the median. Pulls himself up to grill. Tries to get mouth over 
Bar B, Looks down at the string. Scratches at it with left hand 
while looking at the doll, Picks up string. Looks at doll, Brings 
doll to where he contacts it 2 minutes 50 seconds after the beginning 
of the situation. Picks it up. Draws through grill. Secures it and 
carries to mouth 3 minutes 5 seconds after the beginning of the sit- 
uation. 

[After lever situation] 

4:05 p.m. Behind the screen the doll is put in place with three 
Perpendicular Parallel Strings, correct string on the right. Cat is 
removed. Screen is removed. J is already looking at the doll. Begins 
scratching toward the right-hand string with botli hands. Secures 
string in left hand. Draws doll half way across table. Extends left 
hand toward it. Cannot touch it. Secures string and pulls it again. 
Contacts doll 15 seconds after the beginning of the situation. Se- 
cures it and draws through the grill 20 seconds after the beginning 
of tile situation. Carries to mouth. Removes it arid inspects it. 
Vocalizes jn a satisfied tone. 

4:07 p.m. While mouthing the doll, he holds the string out in 
his left hand. Holds the doll in his mouth with his right hand. It 
is difficult to 'remove the doll, and J holds on to the string, but it is 
removed. Then he turns his attention to the grill and screen. Doll 
is put in place on the left with three Perpendicular Parallel Strings . 
Screen is removed, Doll is rocked, J, looking at the doll, extends 
right hand on table pn the median string. Pulls it in. Discards it 
on the platform. Reaches for left-hand string. Has secured it and 
drawn doll with one tug to edge of table and secured it 13 seconds 
after the beginning of the situation. Carries through the grill and 
to his mouth. Chews it, Removes it. Left hand approaches right- 
hand string, but he does not pull it in. Attention returns to the doll 
which he is mouthing. 

4:09 p.m. Screen is set up. Duck is put in place with three 
Oblique Parallel Strings, correct string on the right . , Doll is re- 
moved. J immediately extends right hand toward duck through 
Space SA. Then he draws in left-hand string with his left hand. 
Immediately discards it. Reaches for right-hand string. Secures it 
with right hand. Contacts duck 10 seconds after the beginning of 
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the situation, having brought it within reach with one tug. He 
pursues it with left hand. Knocks it almost out of reach, but man- 
ages to get his hand on it. After once neglecting the string in his 
attempt to re-secure the duck, later he takes the string in his right 
hand and draws the duck toward him. Brings it off the table to the 
platform about 40 seconds after the beginning of the situation. Hits 
it on the grill. 

4:11 P.M. Screen is set up. It is rather difficult to remove the 
duck again, J hangs on to the string. Duck is removed. J turns 
his attention to the screen. Duck is put in place as before, correct 
string on the right. Screen is removed. J, looking at the duck, ex- 
tends his right arm through Space SB. Looks down at left-hand 
string. Scratches at string. Drops it to the left. Pulls in median 
string. Discards it on the right. Reaches for string on the right. 
Picks it up. One tug draws duck to where he contacts it, then 
secures it, 20 seconds after the beginning of the situation. Draws it 
through the grill and carries to his mouth. 

4:13 P.M. The examination is concluded. 

40 weeks 

3:56 P.M. Screen is set up. DolL is put in place on the right with 
three Perpendicular Parallel Strings. Cat is removed. Screen is 
removed. J is already looking at the doll when it is rocked. Right 
hand is extended through Space IB. He withdraws his hand, ap- 
proaches through Space 6 and scratches on the right-hand string 
while looking at the doll. As lie scratches on the string, he moves 
it over toward the median string, which is included in the scratching. 
Median string comes in and is discarded on the platform, Looks at 
right-hand string. Secures it and brings doll with one tug to the 

edge of the table where lie gets it by the head 30 seconds after the 

beginning of the situation. Holds it out on table. Hits it on the 

table, arm extended through Space S/l. After 45 seconds he carries 

it through the grill. Holds it in both hands, looking at it. Returns 
to hitting it on the grill. 

3:57 P.M. Screen is set up. Doll is removed and put in place with 
the string on the left, three Perpendicular Parallel Strings. Screen 
is removed. J is looking at the doll. Extends right hand through 
Space 5/1. Although he moves the median string, he does not se- 
cure it. Secures left-hand string with left hand. Draws it in 
enough so that the cat falls over. Takes left-hand string and pulls 
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cat within reach and contacts it 15 seconds after the beginning of the 
situation. Carries through grill and drops on the platform. Picks ib 
up. Hits it on the grill. Inspects it. Carries toward mouth, but 
not all the way there. Hits it on the grill and platform. Transfers 
it from hand to hand. Waves around at his side. Holds it out 
looking at it; looks at the Examiner also. 

3:59 p.m. Screen is set up. Duck is put in place on the right 
with three Oblique Parallel Strings. Doll is removed. Screen is 
removed. J looks at the duck. Reaches aver toward the right. Se- 
cures both right-hand and median strings in grasp, but while he is 
scratching on the strings his aim seems to be more for the right- 
hand string. After 10 seconds he lias pulled the duck off the table to 
the platform, with one tug. Picks it up from the platform 3 seconds 
later. Hits it on die grill. String is caught around the base of Bar 
5. Right hand is holding both the duck and the loop of the string. 
Takes end of string in left hand while holding duck in right. 
Transfers duck to left hand. Dangles it by a bit of the string that 
is caught around the two wheels- Picks it up again. Drops it on 
the platform. Re-secures it. 

4:01 p.m. Duck is removed and put in place as before, three 
Oblique Parallel Strings , correct string on the right, J scratches 
at the screen. Screen is removed. Looks at the duck. His right 
hand is extended toward the duck through Space 5/1 . He scratches 
on the table top, pulling in median string. Drops on the platform. 
Looks back at duck. Begins scratching with right hand on right- 
hand string. Does not secure it in right hand. Secures it in left 
hand, After 20 seconds has brought the duck with one tug to the 
edge of the table and secured it and brought it through the grill. 
Hits it on the platform. Hits it on the grill. Vocalizes. Holds it 
through Space 6 C over the table, Withdraws it and hits it on the 
platform. 

4:03 p.m. Screen is set up. J is beginning to pull himself up to 
the grill. He is given the small bells and is moved away by the 
Examiner. Ball is put in place on the left with three Oblique Par- 
allel Strings . Bells are removed. Screen is removed. He looks at 
the ball. Extends right arm toward it through Space 5//. Pulls 
median string about three-fourths of the way in. Leaves on table. 
Immediately secures left-hand string 15 seconds after the beginning 
of the situation, and lias contacted the ball at the edge of the table, 
to which one tug has brought it. Secures it 5 seconds' later and car- 
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lies it through the grill, Carries to mouth. Removes. Inspects and 
hits it on the platform. Brings up again, holding it in both hands. 
Holds ball in one hand and pats it with the other. Takes string 
3 inches from the, ball and holds it dangling by the string. 

4:05 p.m. Ball is removed. J pulls himself up to his knees, peering 
over the screen, but sits down again. Ball is put in place as before, 
correct string on left. J is in position as the screen is removed. 
Looks at the ball. Extends left hand toward the ball through Space 
4 A. Moves the right-hand string over, but docs not seem to at- 
tempt to secure it. After 15 seconds he contacts the ball, having se- 
cured the string in left hand and brought the ball with one tug to 
the edge of the table. He is holding it with both hands on the 
table 5 seconds later. Continues holding it there for some time, 
looking at the Examiner. String is caught around the base of Bar 
3. After 20 seconds the ball falls to the platform. J shows a strong 
tendency to look at the Examiner just now. He is moved back from 
the grill. 

4:07 p.m. Screen is set up, Doll is put in place with Converging 
Strings, correct string on the right. J is moved back into position. 
The screen is removed. He looks at the doll. With his right hand 
he scratches on the right-hand string, Withdraws right hand. Left 
hand approaches the right-hand string. Right hand again, then left 
LulcuL Right lw.ad sex atclics. beyauxL the. s,ttu\g. He teads, to Ieoh s.t 
the doll more than at the string, but glances at the string. One tug 
brings doll to eight inches from the edge of the table. Extends hand 
toward it but does not reach it. Another tug brings doll to the 
edge of the table where he takes it by the head through the grill to 
mouth. He coughs. Removes doll. Inspects it, turning it around. 
Vocalizes in a sort of little satisfied grunt. 

4:09 p.m. Doll is removed and put in place on the left with three 
Converging Strings. J is in position when the screen is removed. 
He looks at the doll. Right hand reaches for the right-hand string. 
He pulls it in. Continues looking at the doll. Extends left hand 
through space 3 II toward the doll and string, 'Withdraws hand. 
Through Space 2 B scratches on the string, still witli left hand. 
Withdraws hand. Secures string in left hand, Pulls in the doll a 
very little way. Transfers string to right hand. Has secured the 
doll from 5 inches out on table 25 seconds after the beginning of 
the situation. Carries to mouth. Removes to inspect, Turns it 
around. Transfers it from one hand to the other. 
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4:11 pm. Screen is set up. Cat is put in place on the left with 
Converging Strings. Screen is removed. J is in position. Looking 
at the. cat he contacts the left-hand string with his left hand. He 
scratches on it a little. Withdraws hand. Returns to the string. 
Secures it. After 10 seconds, has brought cat to about 6 inches 
from the edge of the table. Secures it in right hand. Also scratches 
on string with left hand. Scratches the string again. Brings to 
edge of table where he secures it 40 seconds after the beginning of the 
situation in his left hand. Holds out on table. Secures string again 
and pulls it in toward him. This time he drags it by the string off 
the table to the platform. Hits it about on the platform. Holding 
it in his hands he squeaks it and looks at it. The cat is removed, 
though J hangs on to the string. 

4:13 P.M. Cat is put in place with Converging Strings correct 
string on the right. J is in position when the screen is removed. 
Looks at the cat. Scratches on the right-hand string. Secures it in 
his right hand. Pulls cat to about 6 inches from the edge of the 
table. Smiles at the Examiner as he secures the cat in his right 
hand 10 seconds after the beginning of the situation. Hits it on 
the table. Holds far out on the table. Transfers to left hand. 
Squeaks and hits it on the table with left hand. Holds it far out on 
the table, Holding it up by the grill, he pokes at the top of the cat 
with index fingei of his right hand. Carries through the grill after 
35 seconds. Holds out at his side. Carries to mouth. Removes the 
cat and coughs a little. 

4:16 P.M. J peeks around the right-hand end of the screen as the 
next situation is prepared. The automobile is put in place with the 
Roundabout and Direct Strings , correct string coming down on 
the right. Screen is removed. He looks at the automobile. Extends 
right hand toward it down the middle of the table through Space 54. 
Then with, left hnnd reaches over to the right, Secures string. 
Looks at the automobile as it comes in, Has contacted it 15 seconds 
after the beginning of the situation. Secures it also. Hits it on 
the table as he holds it out on table, Transfers from right to left 
„ hand, again to right. Hits on the table, holding far out. Brings to 
table, holding and inspecting it. Left hand goes through Space 4 B, 
then through Space 64. Holds automobile far out on the table 
dangling it by a bit of the string. 

4:18 P.M. Automobile is removed. Starts to pull himself up to the 
grill, The large screen is set up in preparation for the next situation. 
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The automobile is put in place as before with Roundabout and Direct 
Strings, correct string coming down on the right. Screen is re- 
moved. J looks at the automobile. Glances over to the string on 
the right. Looks at the automobile as he secures the end of the right- 
hand string in his right hand. Transfers to left. One swift tug 
brings automobile to edge of the table where he contacts and secures 
it 10 seconds afteT the beginning of the situation. Secures it in his 
right hand, but pushes it out of hand onto table with left hand. 
Takes hold of string close to the automobile. Pulls through grill 
again 25 seconds after the beginning of the situation, Holds it, 
turning it around as he looks at it. 

4:19 P.M. Screen is set up, Fish is put in place with Roundabout 
and Direct Strings, correct string coming down on the left, Auto- 
mobile is removed, J is in position with the screen removed. Fish is 
rattled. He looked at it before it was rattled. Looks over to right- 
hand string. Pulls it in with right hand. Looks at the string on the 
left. Secures it in his left hand. One tug brings fish to 5 inches 
from the edge of the table. Secures fish in light hand, still holding 
string in left, 20 seconds after the beginning of the situation. Hits 
fish on the table. Carries through the grill with his left hand 30 
seconds after the beginning of the situation. Carries toward mouth. 
Removes and inspects. Again to mouth. Vocalizes. Right-hand 
string was not pulled all the way in, but is still lying on the edge of 
the table. 

4:21 p.m. Fish is removed and put in place as before with Round- 
about and Direct Strings, correct string coming down on the left. 
Screen is removed. He looks at the fish. Reaches out far on the 
table with his right hand. Pulls right-hand string in. Discards on 
the platform. Looks at the fish. Secures left-hand string in left 
hand. Brings fish to about 8 inches out on the table. Secures it 20 
seconds after the beginning of the situation in his left hand, having 
first strained for it with his right hand. He has some difficulty in 
getting it through the grill, but gets it through 35 seconds after the 
beginning of the situation. Carries to mouth. Removes and turns 
it around. Inspects and carries again to mouth, 

44 weeks 

3:52 p.m. The doll is put in place on the right with three Perpen- 
dicular Strings. J is moved into position. The fish is removed. 
Screen is removed. He looks at the doll before it is rocked. Im- 
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mediately secures right-lmnd string in his right hand. One tug 
brings doll to 4 inches from table edge. Secures it in his left hand 
8 seconds after the beginning of the situation. Carries through the 
grill and to his mouth. He is starting to pull in the median string 
after 25 seconds. 

3:54 p.M. The screen is set up. J holds the doll in Space 6 B 
pushing it on the screen. The cat is put in place on the left with 
three Perpendicular Parallel Strings. The doll is removed. The 
screen is removed, He looks at the cat. Although his right hand 
is on the table on the median string, he does not attempt to secure 
the median string, but scratches on the left-hand string. As he 
turns momentarily to look toward the back of the room, the median 
string sticks to his damp hand and is pulled off the table, but ap- 
parently he did not pull it intentionally. He secures left string with 
his right hand after attempting with his left and pulls the cat off the 
table and secures it 20 seconds after the beginning of the situation. 
He hits it on the base of the grill. Transfers it from hand to hand. 
Squeaks it and drops it. Picks it up again by the string and waves 
it, dangling it about on the platform. Hits it again on the grill. 
Carries it to his mouth. 

3:55 p.m. After 1 minute 5 seconds the screen is set up. The 
duck is put in place on the right with three Oblique Parallel Strings. 
J is moved into position. The cat is removed. Screen is removed. 
He looks at the duck. Reaches over with his right hand to the 
right string. Secures it, Then brings it with two tugs to 4 
inches from the edge of the table. Transfers to left hand. Pulls 
duck through the grill and secures it from the base of the grill with 
his right hand 15 seconds after the beginning of the situation. Holds 
it in both hands, inspecting and waving it. Puts it back on the 
table as far as he can reach and pounds it hard on the table. Brings 
it back through the grill again. 

3:57 P.M. After 50 seconds the screen is set up. The ball is put 
in place on the right with three Oblique Parallel Strings, The duck 
is removed. J is in position as the screen is removed, He looks at 
the ball. With his right hand he secures the right-hand string. 
Brings the ball with one tug rolling to the edge of the table where 
he contacts it 5 seconds after the beginning of the situation. Pur- 
sues it with his left hand. Picks it up with left hand 5 seconds hater, 
Transfers string to left hand, releasing the ball. Takes ball in right 
hand. Hits it on the table, holding it far out on tabic. After 30 
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seconds brings it through the grill with his left hand, Holds it back 
over the table again and hits it on the table. In the course of these 
manipulations oil the table, one of the two loose strings was dragged 
off — the median string. 

3:59 P.m. The screen is set up. The duck is put in place on the 
left with three Oblique Parallel Strings* J mcanwhiLe has pulled 
himself to his feet and is standing in front of the grill. He is set 
down and moved into position. The screen is removed. His right 
hand goes on the table as he looks at the doll. He secures left-hand 
string in his right hand after scratching at it. Brings the duck to the 
edge of the table and secures it 10 seconds after the beginning of the 
situation. Carries it to his mouth. Holds it there as he looks around 
the room. 

4:01 p.m. The ball is put in place on the left with three Oblique 
Parallel Strings, J pulls himself to his feet by the left side rail. He 
sits down and is moved into position. The duck is removed. He is 
in position finally when the screen is removed, He looks at the ball. 
Puts hand on the left-hand string. After some scratching with his 
left hand, he scratches with his right hand, then left, again right. 
He has difficulty in the prehension of the string. It becomes en- 
tangled with the other strings, It is the left-hand string that he 
secures eventually. Brings ball rolling off to the platform 25 seconds 
after the beginning of the situation. Secures it in his right hand 5 
seconds later. Dangles it about by the string as he waves his hand. 
Bounces it about on the platform in this way, 

4:03 P.m. Doll is put in place with Converging Strings, correct 
string on the right, J is set in position when the screen is removed. 
Looks at the doll, then at end of left-hand string. While looking at 
the doll, he begins scratching toward the left-hand string. Does not 
pull it in. Picks up median string. Drops it on the table. Looks 
toward the left-hand string again. Does riot pull it in, however, al- 
though he picks at it. Secures the right-hand string and tips the doll 
over as he brings the string to the median position. He pulls the 
right-hand string in a little farther. Picks up median string which 
is entirely out on table, then drops it. Pie is able by this time to 
reach the head of the doll and secures it 45 seconds after the be- 
ginning of the situation. Brings it out through the grill. 

4:05 P.M. Screen is set up. Fish is put in place with Converging 
Strings , correct string on (.he left, The doll is removed. The 
screen is removed. Pie looks at the fish, then at the end of the 
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left-hand string. Scratches on string with his left hand, Right 
hand scratches on it, not well aimed at the string. The string is 
moved over toward the median a little. He picks up median string 
momentarily. Drops it without pulling it in. Renews efforts on left- 
hand string. Secures it in his right hand and has contacted the fish 
22 seconds after the beginning of the situation, having brought it 
with one tug to the edge of the table. He picks it up and releases 
it about 2 seconds after contacting it. Later carries through the 
grill. Looks in bowl and pokes there, 

4:06 p.m. Screen is set up. Cat is put in place on the left with 
Converging Strings. J is vocalizing as lie mouths and also manipu- 
lates the fish. The fish is removed. The screen is removed. He 
looks at the cat. Scratches on the left-hand string with his left, then 
with his right hand, glancing at the string. His right hand is active. 
He secures the string and brings the cat with one tug to the edge of 
the table where he contacts it 12 seconds after the beginning of the 
situation. He picks it up with his left hand. Then stands by the 
left side rail, pulling at the Examiner’s smock. 

4:08 p.m. Screen is set up. The duck is put in place on the right, 
with Converging Strings. J pokes at the screen as he is in standing 
position. He is in position when the screen is removed. He looks at 
the duck. Right hand secures the right-hand string. Pulls it with 
one tug to the edge of the table. Left hand secures it 5 seconds 
later. He carries it through the grill to his mouth and chews on it. 
4:10 p.m. Screen is set up. The fish is put in place with Round- 
about and Direct Stringsj correct string on the right. J is in position 
when the screen is removed. He looks at the fish. Extends his left 
hand toward the left-hand string. Pulls it in with his right hand. 
Then he waves it off to the right. Looks at right-hand string; 
secures and pulls it. Gets his left hand on fish far out on the tabic 
25 seconds after the beginning of the situation. Carries it to the 
grill and brings through the grill. Pokes in the bowl with his left 
hand. 

4:12 p.m. The screen is set up. The automobile is put in place 
with Roundabout and Direct Strings, correct string on the right. 
The fish is removed, Screen is removed. Both hands are on the 
table but the right hand is the active one. It secures the string and 
brings the fish to where the left hand far out on table contacts and 
secures it 8 seconds after the beginning of the situation. J holds the 
automobile over the table, then brings it to his mouth through Space 



growth of adaptive behavior in infants 


349 


5B, also transfers it to his right hand. Scratches on it with his left 
hand. 

4:13 p.m. The fish is put in place with Roundabout and Direct 
String Sj correct string on the left. J has dropped the automobile out 
of the crib. The screen is removed. He looks at the fish. Picks up 
the right-hand string. Drops it. Rc-secmcs and pulls it off the 
table. Drops it on the platform at the left. Then he scratches at 
the left-hand string with his left hand. Secures it and brings the 
fish with one tug to the edge of the table where he contacts it 18 
seconds after the beginning of the situation. Secures it 3 seconds 
later, carries it through the grill and inspects it. 

4:15 P.M. The screen is set up. The automobile is put in place 
with Roundabout and Direct > Strings, correct string on the left. The 
fish is removed. The screen is removed. J looks at the automo- 
bile. Pulls in right-hand string promptly with right hand. Drops 
it on the platform. Secures Left-hand string with his left hand. 
Transfers to right. One tug brings the automobile half way across 
the table; then with his left hand he secures the string 2 inches from 
the automobile and pulls it off the table and secures it 25 seconds 
after the beginning of the situation. 

48 weeks 

J J s mother brings him into the reception room. He has been in an 
elevator full of strange people, and he seems to feel the strange- 
ness of tile situation. He cries when he is set down on the table. 
After a while he stops crying, and he accepts being carried into the 
examining room by liis mother. He is held in her arms while the 
Examiner displays various toys to Ins little brother. He extends liis 
hand toward the duck when it is placed on the platform, and his 
mother then sets him in the crib. He picks up the duck and plays 
with it. Later, he plays with the fish. He seems to be well ad- 
justed to the situation now, and his mother and brother leave the 
examining room. J hands the fish to the Examiner. 

[After Single-String Situation] 

3:59 P.M. The screen is set up. The doll is put in place on the 
right with Perpendicular Parallel Strings. J pushes hard at the 
screen, so that it is difficult to arrange the materials. The fish is 
removed with some difficulty as J hangs on to the string. Then the 
screen is removed. J immediately secures the right-hand string in his 
right hand, draws the doll to the edge of the table, and secures it 5 
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seconds after the beginning of the situation. He carries it through 
the grill, holds it in both hands, takes it in his left hand momentarily, 
approaches the string with his right hand, then carries the doll to 
his mouth, removes, and sets it on the table through Space 6/1. He 
takes it by the head and pulls it out again, and holds it in his hands 
as he inspects it. 

4:00 KM. The screen is set up. J again pushes hard at the screen. 
The cat is in place on the left with Perpendicular Parallel Strings. 
J holds the string in one hand and the doll in the other, arid brings 
his hands together. The doll is removed with some resistance. The 
screen is removed, revealing the cat. Both of J's hands go on the 
table, and secure the outside strings. The right hand drops on the 
platform the right-hand string which it has secured, and the left 
hand continues pulling the left string. He has secured the cat 8 
seconds after the beginning of the situation. He carries it through 
the grill, and to his mouth. 

4:01 P.M. The screen is set up. The duck is put in place on the 
right with Oblique Parallel Strings, while J pushes at the screen. 
The screen is removed. The cat is removed, and the duck is tapped 
on the table. J extends his right hand, first through Space 7 B to- 
ward the right-hand string, and then withdraws it and goes in 

through Space 1A. He secures the string, pulls the duck to 5 
inches from the edge of the table, reaches in, and secures it about 12 
seconds after the beginning of the situation. He carries it through 
the grill, and inspects it, He pokes it through Space 6 A, and as far 
on the table as he can reach, and then draws it back. He has 
slid too close to the grill, and is moved back by the Examiner. 

4-'02 P.M. While J is playing with the duck, the screen is set up- 
The ball is put in place on the right with Oblique Parallel Strings. 
J is in position when the screen is removed. He looks at the ball, 
scratches on the right-hand string, has some difficulty in securing it 
because he is looking at the ball, but finally secures it. It snaps 

toward the middle of the table, and becomes involved with the 

median string, so that it is hard to tell which one reaches the' ball. 
He pulls in the median string, and then secures the right-hand string, 
brings the ball rolling off the table to the platform, and picks it up 
there about 13 seconds after the beginning of the situation. He 
holds it dangling by a little bit of the string, as he smiles, and looks 
at the Examiner. He looks back at the ball as he manipulates it 
with his right hand. When the ball rolls away out of reach under 
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the table, he takes the end of the string and pulls it rolling toward 
him. 

4:05 p.m. The screen is set up, and the duck is put in place on 
the left with Oblique Parallel Strings. The ball is removed, The 
screen is removed. J looks at the duck, and his right hand goes to 
the part of the table where the correct string was before. His left 
hand reaches for the left-hand string, and then his Tight hand 
secures it, but he releases it, and withdraws his hand. Then his left 
hand approaches the left-hand string, but gets hold of the median 
string, The pursuit is definitely for the left-hand string. However, 
he does pull the median string off the table as if to get it out of the 
way, and discards it on the platform. Then he secures the left- 
hand string in his left hand, and brings the duck to the edge of the 
table where he secures it 35 seconds after the beginning of the 
situation. He carries it through the grill, and vocalizes as he looks 
over to the right, and pulls himself up by the right side rail, 

4:06 P.m. The screen is set up. The ball is put in place hehind 
the screen with Oblique Parallel Strings , the correct string on the 
left. J is standing in front of the middle of the grill. He scratches 
at the screen, turns to the Examiner, pulling at her smock, and then 
scratches at the screen again. He is standing in position when the 
screen is removed, and since it was not possible to set him down 
before, he is now set down. He reaches over for the left-hand string 
and looks at the ball. The string snaps away from his hand, be- 
comes involved with the median string, and lie pulls the median 
string and right-hand string off the tabic, discards them on the plat- 
form, and then secures the left-hand string in his left hand; 15 
seconds after the beginning of the situation, lie has secured the ball. 
He takes the string again, however, and brings the ball rolling to 
the platform, and picks it up there about 25 seconds after the be- 
ginning of the situation. He holds it, dangling it by the string 
as he looks at it. He smiles, looks at the Examiner, pulls himself 
to his feet by the grill, then lowers himself, turns to the hall on the 
platform, takes the string, and pulls it rolling toward him. When 
he pulled in the loose strings this time, it was as if lie were trying to 
clear them off the table so as to be able more effectively to secure the 
correct string. 

4:10 P.M. The screen is set up. The doll is put in place with 
Converging Strings t the correct string on the right. J is pulling up 
the blotter, and exploring the pad underneath. Pie is turned around 
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into position. He pushes at the screen. The screen is removed. He 
looks at the doll. His left hand reaches for the left-hand string, 
but as he rubs on it, and it comes in a little way, he withdraws his 
hand, looks over at the right-hand string, approaches it with his right 
hand, then with his left hand. His left hand goes back to the left- 
hand string. He pulls it in a little farther — about half way in — 
and leaves it there on the table. His right hand secures the right- 
hand string, brings the doll to the edge of the table where he secures 
it 20 seconds after the beginning of the situation. He carries it 
through the grill, brings it momentarily to his mouth, removes it to 
inspect it, hits it on the grill, pokes it through Space 7 A onto the 
table, takes it by the head, brings it out again, carries it to his mouth, 
and chews it. 

4:12 p.m. The screen is set up. The cat is put in place with 
Converging Strings, the correct string on the left. J is meanwhile 
poking the doll through the grill against the screen. The doll is 
removed. The screen is removed. J looks at the cat, begins 
scratching on the right-hand string with his right hand, pulls it in 
with his left hand, drops It on the platform, pulls the median string 
in about half way with his right hand while looking at the cat, leaves 
it on the table, secures the left-hand string in his left hand, brings 
the cat to about 4 inches from the edge of the table, and contacts 
it about 15 seconds after the beginning of the situation. In an at- 
tempt, apparently, to pull the cat in farther with the string, he pulls 
in the median string which is now leading toward the cat, then 
secures the left-hand string, brings the cat to the edge of the table, 
and there he secures it 25 seconds after the beginning of the situa- 
tion. He carries it through the grill. 

4:14 P.M. The screen is set up, The doll is put in place with 
Converging Strings , the correct string on the left . J pulls himself 
to his feet by the left side rail, cruising to the back of the crib. The 
screen is removed while he is standing at the back of the crib facing 
the back. He is set down into position, and his right hand im- 
mediately goes on the right-hand string as he is looking at the doll. 
He pulls it in only about 2 inches, however, and then looks over at 
the left-hand string, scratches at it with his left hand, then with his 
right hand, secures it, brings the doll to the edge of the table with 
one tug, and secures it 15 seconds after the beginning of the situation. 
He carries it through the grill to his mouth, momentarily bites on 
it, and then, fussing a little, pulls himself up by the right side rail. 
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The Examinee conies around and hands him. the tri-colored rings. 
Since J still shows signs of fussing, he is picked up by the Examiner, 
and carried around. When an attempt is made to replace him in 
the crib he begins fussing, so the Examiner picks him up, carries 
him into the reception room, and sets him on the table. He plays 
with the fish, and the tri-colored rings, 

4:21 P.M. J is brought back into the examining room and set in 
the crib. He shows a little sign of fussing. The screen is set up. 
The automobile is put in place with Converging Strings, the correct 
string on the right . The screen is removed. J is moved into posi- 
tion. He reaches first for the left-hand string, but does not secure 
it. He immediately becomes active on the right-hand string. First 
with his right hand, and then with his left hand, he scratches at the 
string. He approaches it again with his right hand, then with his 
left hand, and then with his right. Finally, he secures the tip of 
the string between the thumb and index finger, and with one tug 
draws the automobile to the platform 30 seconds after the beginning 
of the situation. He picks it up immediately, holds It in his hand, 
and turns it over. 

4:22 P.M. Since J seems to be getting tired of the string situations, 
the lever board is put in place. 

[After lever situation] 

4:35 p.m. While J is standing at the back of. the crib, the screen 
is set up, and the fish is put in place with Roundabout and Direct 
Strings, the correct string on the right. The screen is removed. The 
bell is removed. J is set down into position. He sounds a little 
fussy, but not heartily so. He looks at the fish for about 5 seconds, 
and then reaches for the left-hand string with his left hand. When 
he has pulled it in, he looks at it, drops it on the platform, turns to 
the left side rail pulling himself up to his knees, then begins pulling 
up the blotter on the left, turns to the right, and pulls up the 
blotter there. The fish is left on the table with the right-hand 
string untouched. 

4:39 p.m. The automobile is put in place behind the screen, with 
Roundabout and Direct Strings , the correct string on the right, The 
screen is removed while J is standing, tugging at the Examiner. 
He is set down, and moved into position. The automobile is tapped 
on the table. Pie looks at it, scratches at the platform a little with 
his right hand, and brings the automobile with one tug to 3 inches 
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from the edge of the table, where he secures it 15 seconds after the 
tagminng sAtmYiork, Ht wmt* Ytavaugbk Yive. grill, 

the automobile in one hand and the string in the other as he ex- 
tends his left hand holding the automobile toward the Examiner. 
Standing by the left side rail, he dangles the automobile by the 
string. 

4:41 p.m. The automobile is removed, and put in place with 
Roundabout and Direct Strings j the correct string on the left . J is 
vocalizing a little protestingly. The screen is removed as he is 
standing by the left side rail, facing the E^miner. He pokes the 
Examiner’s lips with his right index finger, He is set down, and 
moved into position, He leans over and pulls at the blotter, but is 
set in position again by the Examiner. When the automobile is 
tapped on the table, he looks down at the right-hand string, secures 
it in his right hand, pulls it in, and drops it* He secures the left- 
hand string in his left hand, brings the automobile to the edge of 
the tabic, and secures it 25 seconds after the beginning of the situa- 
tion, He carries it through the grill, and turns it around, inspecting 
it. His vocalization sounds rather sad, 

4:44 p.m. The examination is concluded. 
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tA CROISSANCE DE L’ADAPTATION DANS LE COMFORTEMENT 
DES JEONES ENFANTS 
(Riaumi) 

Dans cette investigation on a itudii le d^Yeloppement de l’pdflptatlon 
dans le coroportement des jeunes enfants au moyen de probUrnes qui exigent 
i'utiiisation d'une ficelle pour obtenir un "appSt" autrement inaccessible, 
keg sujets ont 6t6 lfi enfants de families aupSrieures, observes 4 interyalles 
de quote* %emaUiei depute l’ age de 18 aenuuncs jusqu'it I’dge de 51 iMEuuata, 
dans un total de 88 exametis. On a montrd les situations aur le haut 
d'une table, ordinairement derrtere une grille. On a pr4aent6 d'abord des 
situations d’une seule ficelle ayec la grille en position et on lcs a pr£sent6es 
de nouveau sans la grille dons les cos d'iosuccSs, On a presents des 
situations de plusieura ficellea avec la grille en position, lesqUelles ont 
offert des ficellea non attaches ayec la ficelle attacWe, aprfes le succis 
dans le premier groupe de situations d’une seule ficelle, Les situations 
de plusieura ficellea ont 6t6 de quatre types, formant une s6rie progressive; 
trois ficelles paraliNes perpendiculaires; trois ficellea parables obliques; 
trois ficelles eonvergentes; une ficelle indliecte et une ficelle diieete. 

Dans les situations d'une seule ficelle 4 28 et k 32 semaines la grille a 
un obstacle micanique et visuel au succite. A 4+ semaines 9on influence 
a et£ n^gligeable, Entre 28 et 4+ semaines le pourcentage de specie dans 
ja situation d'une seule ficelle avec la grille a’est £lev£ de 3 4 100, Le 
d^veloppement de la capaeite motrice et celui de l’attitude perceptive a 
marque cette pfriode. La ^, co^lp^fhensian ,, de I'utiHt^ de la ficelle a sem- 
bl£ etre plus grande avec l’avancemenfc de I'&ge, Lea succ£s qui ont 
sembb etre accompagnfo de peu de comprehension ou d'aucune compre- 
hension ont 6t6 presque entbrenicnt limits & lq situation sans la grille, 
h 28 et k 32 semaines. Ainei dans cette situation la capacity motrice d'at- 
teindre I'appat semble quelquefols pr£c£der 1'attitude perceptive, Avec la 
grille en position, on n’a obtenu l'appfit que trig rarement sans Evidence 
d'une vraie utilisation de la ficelle comme moyen de l'atteindre, Dans 
cette situation, en effet, & 32 et 4 36 semaines la perception a BcmbU pr£- 
cider queiquefois la capaeite motrice. Le temps necesaaire pour tirer 
I’applt k portae s’est montr£ en relation avec 1’attitude perceptive ainsi 
qu’aYec la capacity motrice. 

Dans les situations de plusieurs ficellea ie cboix do la ficelle tirle 
prembrement a sembU dApendre (a) de la forme vteuelle pr4sct>.t&e pat 
i'appat et les ficellea avec I'appSt comma l’6Ument dominant; (b) des 
tendances & Itendre la main dans une direction donate ou & &endre une 
main donate i et (c) de la presence ou de l'absence de facteurs plus 
geniraux qui empSchent, tel que 1'impulsion 4 l’activiti bcomotrice. Les 
habitudes de position montdsea n’onfc hth accompagn^ea que de temps en 
temps d’une grande Evidence d'un emploi de la main correspondents et 
ont raontrl queiquefois un changement de la main <£tendue avec le maintien 
de la direction pr£f£r£e de I’dtendre. 


Richardson 
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DIE ENTWICKLUNG DER ANPASSUNGSFAHIGKEIT BEI 

sauglingen 

(Ref era t) 

In dieBer Forschung untersuchte man die Entwicklung dea Anpassunga- 
fahigkeit von Sauglingen (adaptive behavior of infanta) durch Gebrauch 
von Aufgaben, die die Verwendung einer Sehnur zur Erreichung eines 
aonst unerlangbaren Reize9 (lure) in Anapruch nahmen, Als Versuchspersonen 
dlenten 16 SSuglinge aus iiberlegenen Heimen. Dieae Kinder wurden im 
Alter von 2B bis zu 52 Wochen alle vier Monaten beobachtet. Im Ganzen 
wurden 88 Untersuchungfn gemacht. Die Situationcn wurden auf einer 
Tischfldche, gewiihnlich hinter einem Gitter, entfaltet, Zuerst wurden Situ- 
ationen mit Verwendung einer einzelnen Sehnur und mit dem Gitter dar- 
geboten. Dieae wurden im Falle einea Miaaerfolga dann ohne Gitter 
wiedergegeben. Nach Erfolg mit der ersten Situationsserie mit einer Sehnur 
(single-string situations-) wurden Situationen rait mchreren Schniiren 
vorgestellt, worin das Gitter an seiner Platz war und worin loae Schniire 
mit der angebundenen Sehnur zusammen dargeboten wurden, Die Situ- 
ationen mit mehreren Schniiren waren von vier Sorten die eine abgestufte 
Serie bildeten: drei senkrechte, parallele Schniire; drei schrage parallele 
Schniire; drei konverglerende Schniire; und eine weitl&ufige und eine 
direkte Sehnur, 

In den Situationen mit einer Sehnur war des Gitter bei 28 und be i 32 
Wochen sowohl ein mechaniachea wie eine viauellea Hindernias gegen den 
Erfolg. Mit 44 Wochen war die Einwirkung clea Gittera unbedeutend, 
Zwisehen 28 und 44 Wochen stieg der Prozentsntz der Erfolge bei der 
Situation-mit-einer-Schnpr von 3 bis auf 100. Dieser Zeitraum zeigte sich 
durch Entwicklung sowohl der motoriachen Fiihigkelt wie der perzeptiven 
Einstellung aus. Einsicht ("insight") in die Niitzlichkeit der Sehnur achien 
mit zunehmendem Alter in zunehmendem Grade anwesend zu sein. Erfolge 
die mit wenig Einsicht einhergingen oder ohne Einsicht Stattfanden waren 
fast ganz auf die Situation ohne Gitter, bei 28 und 32 Wochen, beschrankt. 
In dieser Situation, also, achien die motorische Fittugkeit, den. Relz erreich- 
bar zu machen, rnanchmal der perzeptiven Einstellung (perceptive at- 
titude) vorauszugehen. Wenn da9 Gitter an Beincr Stelle war, konnte 
der Relz nicht leicht erreicht werden ohne Bewela zn liefern, dasa die 
Sehnur bestimmt verwendet worden war, um den Reiz erlnngbar zu 
machen. In dieser Situation, mit 32 und 36 Wochen, achien die Ferzeption 
(perception) rnanchmal 90gar der motoriachen Fahigkeit (motor ability) 
vorauszugehen. Die Zeit die notig war, um den Reiz mit der Sehnur 
ergreifbar zu machen erwies sich ala sowohl mit der perzeptiven Einstel- 
lung wie mit der motorischen Fahigkeit verbunden. 

In den Situationen mit mehreren Stricken schien die Wahl der Sehnur 
fiir den ersten Zug (initial pulling) auf folgende Einwirkutigen zu beruhen! 
a) auf die durch den Reiz und die Schniire dargebotene visuelle Gestalt 
(pattern), worin der Reiz der herrschende Bestandteil war; b) auf 
Neigungen, nach einer bestimmten Richtung oder mit einer beatimmten 
Hand zu langen ; und c) auf die Gegenwiirt oder die Abweaenheit mehr 
allgemeiner 9tilrender Einwirkutigen, wie zum Beispiel des Drangs nach 
Bewegungattitigkeit, Die Stelluqgsgewohnheiten (position habits) die sich 
gelegentlich zeigten gingen nur dann und wann mit starkem Beweis ent- 
sprechender Handiglceit (handedness) einher und nahmen rnanchmal eine 
Wechslung der langenden Hand, unter Erhnltung der bevorzugten Rich- 
tung des Langes in Anspruch, Richardson 
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I 

INTRODUCTION 
The Problem 

The absence of language responses in the newborn 
infant has restricted the investigation of just those 
problems which are the basis of adult behavior. If 
some substitute for such responses could be secured, 
a new field of inquiry would be opened and light shed 
on many problems which had not even been for- 
mulated. 

In seeking an objective procedure which might 
serve, at least as a partial substitute for such language 
behavior, a new experimental technique was developed 
which involves the use of a fundamental behavior 
mechanism, the feeding reaction, as an indicator of the 
infant’s responses to controlled stimulation. This 
technique consists in comparing sucking reactions to 
various experimental stimuli with a control sucking 
reaction, all curves being objectively recorded. The 
controls being identical, any deviation from the control 
curve by the experimental curve was interpreted and 
described as a differential reaction. 

Historical Review 

Although the feeding reaction is an important one 
for all animals, it has received relatively little atten- 
tion. This is due perhaps partly to the difficulty of 
studying it objectively and partly to its very essential- 
ness and universality which have led to its being taken 
for granted and have obscured it as a real problem for 
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study. Thus Herrick (15) (1928) writes, “The 

mechanisms involved in these processes (taking of 
food) are inborn and require no practice for their per- 
fect performance. They are innate, invariable, and 
essentially similar in all members of a race or species” 
(p. 87), 

Sucking. Preyer (29) (1901) has pointed out that 
“sucking belongs to the earliest coordinated movements 
of man; it is associated directly with swallowing, and 
has been repeatedly perceived even before the child 
was fully born” (p. 257). Indeed, Feldman (13) 
(1920) points out that the act is theoretically possible 
after the third month of fetal life. 

Irwin (17) (1930) remarks: “Sucking is a pattern 
which is highly organized from the first. Provided 
the infant has not been fed recently, though occasion- 
ally even after feeding, it is readily evoked by a light 
touch about the mouth region, Under the conditions 
of the experimental chamber, sucking appears when 
the fingers of the infant slash by the face or when in its 
head movements the lips brush against a sleeve or 
article of bedding. Not infrequently sucking appears 
without external stimulation or contacts. During 
hunger periods, when there is much head rolling and 
when the mouth and jaws are engaged in what some 
have called ‘seeking movements,’ sucking will occur 
without external contact. It is then accompanied by 
much licking of the lips and by smacking sounds. It 
may be that the condition of the membranes of the 
mouth, in this case, evokes sucking” (pp. 61-62). 

Allix (2) (1867), Burdack (9) (1888), and Hertz 
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(16) (1865) hold that the negative pressure inside the 
oral cavity which is essential for sucking is produced 
by inspiratory suction. Biedert (7) (1875) maintains 
that the suction in the mouth is produced by the de- 
scent of the lower jaw which increases the diameter of 
the mouth cavity in the dorso-ventral direction. 

Auerbach (3) (1888), after a careful investigation, 
distinguished two different kinds of suction : 

1. Inspiratory suction — chiefly in the case of adults. 

2. Suction as the result of the depression of the 
lower jaw, and contraction of the tongue (this 
type he designated the infantile type). 

Murlin (22) (1923) has pointed out that the second 
type is often employed by adults as in smoking a pipe. 

Auerbach (3) (1888) believes that change in the 
form of the tongue and movements of the tongue itself 
do not materially influence sucking, but Basch (5) 
(1893) and Pfaundler (26) (1899) regard such 

changes as important features of the sucking reaction. 

Hertz (16) (1865), Biedert (7) (1875), Pfaundler 
(26) (1899), Cramer (11) (1900), Basch (6) (1894), 
and Barth (4) (1914) measured the negative pressure 
created by infants in sucking milk. This was found 
to be 4-15 cm. Hg. by Hertz and Basch, 10-70 cm. 
H 2 0 by Pfaundler, and from 58-140 cm. H fl O by 
Cramer. 

Litinski’s (21) (1902) results were: 


Age of infant 

Suction energy 

2-7 days 

35-40 cm. H 2 0 

older 

45-5] cm. H*0 

a few months 

24-43 cm. H 2 0 
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Kashara (18) (1916) is the only experimenter to 
record suction curves. Two glass tubes, 5 mm, in 
diameter, were inserted into the rubber stopper of a 
100- to 150-cc. nursing bottle in such a manner that 
one was immersed in the liquid in the bottle and the 
other open to the air inside. The tube open to the air 
was connected to a Marey’s tambour and the other to 
a nipple through which the infant sucked its milk. 
He “examined 75 infants in good health under arti- 
ficial feeding” (p. 75). 

His experimental procedure was as follows : 

“Milk of a certain temperature was put into the 
nursing bottle, and an infant was permitted to suck at 
the nipple, with the result that every change in pres- 
sure in the oral cavity was given to Marey’s tambour 
and was registered on the blackened paper closely at- 
tached to the kymograph. Jaquet’s watch was used to 
measure the speed of the registering tube which was 
turning around. The child was put on its mother’s 
knee, a little aslant in posture, with the kymograph 
back of the mother. The kymograph should be as 
noiseless as can be obtained. By this experiment were 
obtained the curved lines which I call curved lines of 
suction.” 

According to Kashara these curved lines of suction 
have four characteristics: “1. The descending part of 
the curve represents the downward movement of the 
lower jawbone, the oral cavity being extended in the 
vertical diameter. 2. The small elevation is due to 
the pressure on the nipple attached to the rubber tube. 
3. The ascending part of the curve may be attributed 
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to the running down of the milk which has been taken 
into the mouth. 4. The notch is a concave curve caused 
by the swallowing” (p. 75). 

Kashara reaches the following conclusions : 

“1. The curved lines of suction made by infants in 
good health are always regular and never discontinued. 

u 2. When an infant in good health sucks and swal- 
lows milk, the time ratio of the two acts is 1 to 1, or 
rarely, 2 to 1. 

u 3. In the case of a newborn baby, the curved lines 
of suction are discontinued now and then for physi- 
ologic reasons. In this case there is a certain pause 
between regular curved lines of suction. 

£( 4. Infants of premature birth or in atrophy make 
very irregular curved lines of suction, and often dis- 
continue them, but the lines gradually become regular 
again when the state of nutrition is improved. 

u 5. Certain diseases of the mouth, nasal catarrh, and 
acute atitis, etc., make the curved lines of suction ir- 
regular, but they become regular again when the 
diseases are cured. 

“6. The curved lines of suction will become ir- 
regular when the temperature of the milk is below 20° 
or above 40°. 

“7. Idiots are unskilful in suction, and so the curved 
lines are always irregular.” 

In some cases the sucking reaction is absent. In 
such instances the infant either dies from starvation 
,or is fed by means of a tube. Much more frequently 
the sucking reaction is only imperfectly present. 
ICashara’s conclusions 3, 4, 5, 6, and 7 above are in- 
stances. 
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Abt (1) (1923) has summarized other factors pro- 
ducing poor sucking. He lists (1) birth injuries to 
the face in babies bom by the face or breech presenta- 
tion, (2) injuries to the baby's tongue in the Smelie- 
Veit extraction of the head, (3) birth injuries to the 
muscles of mastication, (4) injuries to the facial nerves 
causing temporary paralysis, (5) intracranial hemor- 
rhages causing general somnolence, (6) drowsiness and 
fatigue due to general birth trauma without special 
localization, (7) cleft palate, (8) stomatitis, (9) 
acutely inflamed adenoids, and (10) the snuffles of 
congenital vsyphilis. 

Preyer (29) (1901) points out that conditions must 
be appropriate if the response is to be elicited, “for it 
is not any object whatever put into the mouth that is 
sucked, but only certain objects, not too large, not too 
rough, not too hot or too cold, and not of a strongly 
bitter, or sour, or salt taste" (p. 261 ) . 

If there is no mechanical difficulty sufficient to ac- 
count for poor nursing, it is usually regarded as an 
indication of an imperfect nervous system. Abt (1) 
(1923) writes: “Cramer, Rosenstern, Finkelstein, and 
others think that in these babies there is a defective de- 
velopment in the reflex arc of the sucking mechanism” 
(P- 301). 

Kashara (18) (1916) concluded that “imbecile 

children always make irregular curves because of the 
imperfect coordination of the sucking movements.” 

Blanton (8) ( 1917) , in discussing sucking and 
swallowing, writes: "Nothing but the most marked re- 
tardation or injury seems to affect this reflex. Swal- 
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lowing, and sucking, tongue, lip, and cheek reflexes 
make up the feeding reflex. The evidence is strongly 
in favor of the fact that weakness in ability to swallow 
is at least suggestive of mental retardation, whereas 
sucking is present at birth in most infants.” 

In Pratt’s (27) (1930) experiments on sucking 
“four different areas of the face were lightly touched 
with the forefinger: (a) the cheek nearest the experi- 
menter, about 2 inches from the corner of the infant’s 
mouth, ( b ) a’spot just below the lips on the chin, (c) 
a spot just above the lips, under the nose, (d) the lips 
themselves.” 

He continues: “This was one of the earlier experi- 
ments and no report was made of any specific reactions 
other than those of sucking. Where sucking did not 
occur to stimulation, ‘no reaction’ was reported. No 
careful check was kept on the number of infants for 
this particular reaction. The approximate number 
of infants was twenty” (p. 202). 

Pratt (27) (1930) found “that a comparison be- 
tween asleep and awake shows the reaction occurring 
most frequently while awake. However, if the reac- 
tion depends on the length of the interval between the 
last feeding and the time of stimulation, this is to be 
expected, since the probability of being awake becomes 
greater as the next feeding period approaches. When 
both conditions, asleep and awake, are combined, the 
frequency of the sucking reaction occurs in the follow- 
ing order: direct stimulation of lips 55 per cent; stim- 
ulation above lips 34 per cent; below lips 15 per cent; 
on cheeks 10 per cent” (p. 204). Pie concludes: “The 
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facts seem to justify the conclusion that the most fre- 
quent activity of the infant at birth is that of sucking. 
Thermal, gustatory, and also olfactory forms of stim- 
ulation release sucking reactions. For sugar solutions 
these reactions increase from the time of birth on, but 
for the temperature stimuli, the olfactory, and the re- 
maining taste stimuli, the sucking reactions decrease 
as the infant becomes older. The facial reactions, the 
body reactions, and the reactions of the extremities, on 
the other hand, increase for some of the stimuli from 
birth on. This means that with increasing age the 
stimulus for sucking becomes more specific” (p. 205). 

Summary 

1. Sucking is one of the earliest coordinated reac- 
tions of the newborn infant. 

2. The nervous mechanism for sucking is present 
after the third month of fetal life. 

3. The negative pressure involved in sucking in the 
newborn infant occurs as the result of the depression of 
the lower jaw and contractions of the tongue and is 
not inspiratory in character. 

4. The negative pressure created by the infants in 
sucking milk varies from 10-140 cm. H 2 0. 

5. Only one experimenter [Kashara (18) (1916) ] 
has recorded sucking curves. His technique and re- 
sults are given. 

6. The physiological and mechanical conditions 
which interfere with sucking are given. 

7. Deficiency in sucking which is hot due to 
mechanical conditions is considered an indication of 
an imperfect nervous system. 
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8. The most frequent activity of the infant at birth 
is that of sucking. 

9. Thermal, gustatory, and also olfactory forms of 
stimulation release sucking reactions. 

10. With increasing age the stimulus for sucking 
becomes more specific, 

Taste , A good review of the literature on taste ex- 
periments is given by Nelson (23, 27) (1928, 1930). 
She reviews the work of Kussmaul (20) ( 1 8A9) , 

Preyer (28) (1888), Kroner (19) (1881), Shinn (30) 
(1900), Peterson and Rainey (25) (1910), Canestrini 
(10) (1913), Blanton (8) (1917), and Drummond 
(12) (1921). 

All of the above except Canestrini used facial ex- 
pressions as criteria of taste reactions. Kroner, Kuss- 
maul, Genzmer, Preyer, and Peterson and Rainey 
found the taste mechanism well developed and that 
taste stimuli, for the most part, produce facial expres- 
sions in the infant which correspond to those of the 
adult. Shinn and Blanton believe the sense of taste to 
be in an almost dormant condition in newborn infants. 
Drummond concludes that facial reactions to taste stim- 
uli are products of the intensity of the stimulus used. 

Canestrini (10) (1913) is the only experimenter to 
use the strict experimental method in studying taste 
reactions. He used fontanelle and breathing curves as 
indications of the infant’s sensitivity to taste stimuli. 
The fontanelle curves were secured by attaching a 
modified Marey pneumograph to the large fontanelle 
of the infant; the breathing curves by placing a small 
pneumograph on its abdomen. The curves were 
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recorded upon a smoked drum, The time was recorded 
in half-seconds, The time of stimulation also appeared 
upon the record, 

Canestrini (10) (1913) experimented with sweet (2- 
to 5-per-cent sugar solution), sour (2- to 5-per-cent 
vinegar solution), salt (2-per-cent solution), bitter (2- 
per-cent quinine solution), diluted cow’s milk, mother’s 
milk, and air. He obtained the following results : 

1. Sweet stimulation produced a quieting effect 
upon the infant. This is shown by the lowered height 
of both respiratory and brain-volume curves. 

2. Salt solution resulted in some restlessness and 
cessation of sucking movements. 

3. Sour and bitter solutions caused a very marked 
restlessness indicated by decided irregularity in the 
breathing and fontanelle curves. 

4-. No differential reaction to cow’s milk and 
mother’s milk occurred. 

5. Every sucking action is accompanied by a regular 
rise and fall in the brain-volume curve, due to venous 
stasis, produced by compression of the blood vessels. 

6. The reaction-time for taste is less than for the 
other sensory stimuli. 

7. The sense of taste is the best developed of the 
infant’s senses. 

Nelson (27) (1930) presented 227 taste stimuli to 
28 infants, “The method of stimulation used in this 
research was that of inserting into the infant’s mouth 
an applicator which had been dipped into the taste 
solution. It was found that a light touch at either cor- 



DIFFERENTIAL REACTIONS IN NEWBORN INFANTS 


377 


ner of the infant’s mouth would cause him to open his 
mouth, and the applicator could then easily be in- 
serted. The applicators used were the usual round 
stick nursery applicators around one end of each of 
which was rolled a small bit of absorbent cotton” (p. 
109). 

The following concentrations of taste solutions were 
used : 


Sugar 5 g., water 30 g 16.66% 

Salt 5 g.„ water 60 g 8.33% 

Quinine 3 g., water 120 g, .25% 

Citric acid 3 g., water 140 g. 2.14% 


Distilled water was used as a control. 

She found: “The sucking reactions comprise 50 per 
cent of the reactions to sugar, 40 per cent of those to 
salt, 33 per cent of those to quinine, 32 per cent of those 
to water, and 23 per cent of those to citric acid” (23, p. 
99). “That sugar and water produce the smallest num- 
ber of reactions to taste stimuli” (23, p.109). “That of 
all the reactions reported for the taste stimuli, 25 per 
cent are for citric acid, 24 per cent for quinine, 19 per 
cent for sugar, 17 per cent for salt, and 15 per cent for 
water” (23, p.114). “When sucking is excluded, the 
infants reacted least to stimulation with water and 
sugar” (23, p.126). “The most frequent reactions (to 
sugar) are sucking reactions. They constitute 49 per 
cent of all the reactions to sugar stimulation” (23, p. 
126). "Of the reactions to salt, 36 per cent are suck- 
ing reactions, 16 per cent are mouth reactions, and 19 
per cent facial reactions” (23, p.126). 

Temperature . Genzmer (14) ( 1873) , Kroner (19) 
(1881), Preyer (28) (1888), Tanner (31) (1904), 
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Canestrini (10) (1913), Kashara (18) (1916), Blan- 
ton (8) (1917), Drummond (12) (1921), and Peiper 
(24) (1924) all found that newborn infants react to 
temperature stimuli. Only Canestrini, Kashara, and 
Peiper used strict experimental procedures. Canes- 
trini found that of all tactual stimuli used — touching 
certain parts of the body with the fingers, touching cer- 
tain parts of the body with an applicator, touching the 
lips with various objects, cold stimulation with ethyl- 
chloride, alcohol, cold metal, blowing upon the infant, 
pin pricks, galvanic current (up to 10 milli am peres) — 
cold stimuli produced the most prompt and most pro- 
nounced reactions as evidenced by increased respira- 
tion, increased brain volume, restlessness, and oc- 
casionally increased pulse rate. 

Peiper (24) (1924) found that the reactions of in- 
fants to cold stimulation were very pronounced as 
shown by irregularity of the breathing curves. 

Only Kashara (18) (1916) and Nelson (23, 27) 
(1928, 1930) used varying degrees of temperature in 
stimulating the infants. 

Kashara (18) (1916), using the technique previously 
described under the section on sucking, reported that 
“the curved lines of suction will become irregular 
when the temperature of the milk is below 20° or above 
40° C ” 

In Nelson’s (23) (1928) experiments on reactions to 
thermal stimulation "the technique of applying these 
stimuli was that of filling the dropper with distilled 
water at the temperature of the given compartment, 
opening the infant’s mouth by a gentle pressure on its 
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skin, and then dropping from five to six drops of water 
on the. tongue of the opened mouth by pressing on the 
rubber end of the dropper” (p. 59) „ 

She was forced to abandon the objective stabilimeter 
technique in her experiments both with temperature 
and taste. “Since, in the experimental technique used 
for the temperature and taste stimuli, it was necessary 
to touch the infant, and since this touching transmitted 
movement to the stabilimeter records, it was found 
necessary to exclude the stabilimeter records in the 
analysis of these two tests. The analysis of these two 
is an analysis of the experimenter’s protocols” (p. 55). 

Thirty infants were given 222 temperature stimula- 
tions. The temperatures used were 8, 13, 18, 23, 33, 43, 
48, and 53° Centigrade. Nelson found: 

“That the largest number of specific reactions were 
released by the temperatures 8, 13, 18, 23, 48, and 43°; 
the least by 33 and 43°” (p. 65) . “That at the age of 2 
to 4 days, 90 per cent of the infants reacted to the 
temperature stimuli. That they reacted in 100 per 
cent of the cases to the temperature of 8° C.” (p. 66). 
“That the temperature 43° stimulated them least” (p. 
67). “At this age level (8-10 days) none of the 
temperatures released 100 per cent responses” (p. 69). 
“That the infants reacted less strongly to the tempera- 
tures which are warmer than body temperature than to 
those which are colder” (p. 80). “That the largest 
number of ‘no reactions’ was recorded for the tempera- 
ture 43°; in other words, this temperature was the least 
stimulating” (p. 81). “That the least amount of spe- 
cific movement is between 33 and 48°” (27, p. 161). 
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“That the reactions are least for the temperature 43° 
and greatest for the lowest temperature, 8° C.” (27, p. 
162) , 

General conclusion. The literature contains no 
reports of objective differential reactions to taste and 
temperature stimuli in the newborn. Nowhere has use 
been made of the coordinations involved in sucking and 
swallowing as a measure of the effects produced by 
the stimulation of the newborn infant with various 
tastes and temperatures. Indeed, Pratt, Nelson, and 
Sun (27) ( 1930) , who have done one of the best pieces 
of work with newborn infants, state: "Moreover, the 
sucking reaction cannot be taken as the criterion of 
sensitivity to taste substances, since all solutions, and 
even a touch upon the lip areas will release sucking 
reactions” (p. 107). 



II 


APPARATUS AND PROCEDURE 
Apparatus 

Development. The original apparatus designed for 
this investigation involved the use of the Robert’s 
micromanometer principle with manual following of 
the movements of the bubble which is the indicator in 
this method. This type of micromanometer is sensitive 
to lx 10“‘ mm. of mercury. It was planned to have the 
manually operated pointer connected with the me- 
chanical pens of the polygraph and to automatic work 
adders. 

Preliminary work revealed that the oscillatory move- 
ment involved in the present research, with its constant 
displacement in one direction, had a tendency to throw 
the bubble off center so that it did not return to zero. 
Also the pressures involved were such as to require an 
impracticably long tube. 

Several arrangements were designed to make pos- 
sible a short bubble tube but none proved completely 
satisfactory. A device was finally hit upon which 
permitted of the use of a very narrow tube for the 
bubble and still kept the length of the tube within 
practicable limits. This consisted in using a large U- 
tube in parallel with the small bubble tube. Since the 
negative pressure-volume studied acted on the column 
of water in both tubes, both were raised to the same 
level, but because the auxiliary tube was of large di- 
ameter, the water was not lifted very far. Be- 
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cause the water in the small tube traveled the same 
distance as that in the large, the total excursion of the 
bubble was easily regulated by regulating the size of 
the auxiliary tube used. To make the arrangement 
flexible several auxiliary tubes were installed with a 
system of stop-cocks, making it possible to cut in or out 
any desired number of auxiliary tubes. This design 
solved the problem of extent of bubble excursion, but 
it was found that the bubble still had a tendency to 
creep from the zero point. 

It then occurred to the investigator that if the bubble 
were located at the top of the column of water, the 
tendency to creep would be eliminated. Also a bubble 
of any size could be used, which would greatly sim- 
plify the pressure reducing problem. 

It now became apparent that a cork floating on the 
water could replace the air bubble and, properly 
equipped with fine aluminum wire, would replace the 
original hand-manipulated bubble follower. Such an 
arrangement, however, was not adapted to the poly- 
graph. 

For a time the writer thought of permitting the cork 
or an opaque liquid to interrupt a beam of light 
recording on photographic film. Such an arrange- 
ment, however, is quite costly and not suited to pres- 
sure-volume changes which are not merely oscillatory 
in character. 

In seeking to convert the cork arrangement for poly- 
graph recording a rubber tambour was connected with 
the open end of the manometer. This arrangement did 
away with manual following, made possible the use of 
the polygraph and was fairly satisfactory. 
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Rubber tambours, however, do not give equal in- 
creases in pen excursion with progressively equal 
increases in pressure, Also the rubber decays 
and must be replaced, In replacing it, it is virtually 
impossible to get the same tension as before. This 
means that constant input will result in varying 
records. 

This difficulty was overcome by substituting a 3-inch 
low-pressure metal bellows of 15 flanges for the rubber 
tambour. This gave a constant record from day to day 
and progressively equal increases in pressure resulted 
in equal increases in record over the range used in this 
research. The perfected apparatus is described in the 
following section. 



FIGURE 1 

Front View of the Apparatus Showing Mounting, Hous- 
ing of the Delicate Farts, Lighting, and Relation 
between Manometers and Recording System 

Details .ire given in Figures 2, 3, 4, 5, and 6. 
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FIGURE 2 

Manometer and Polygraph Connections 

A , Special feeding bottle, details in Figure 6. 

J], Stop-cock manifold, details in Figure 5. 

C. Manometer tube system, details in Figure 4. 

D. Complete recording unit, details in Figure 3, 

1. Telegraph key for recording special reactions. 

2. Automatic safety switch for 1 10-volt-A.C. circuit to lights and 
motor of polygraph. This switch is automatically opened when 
cover of protecting hood is placed in position. 

3. Double-throw switch for 6-volt battery circuit to recording pen 
magnets and special interval timer. 

4. Side outlet in wall through which tube to nursing bottle is 
passed. In this figure the tube is shown going to the bottle 
without passing through the outlet. 

5. Three-way T-borc stop-cock. Upper outlet to left-hand mani- 
fold of one-way manometer stop-cocks ; right-side outlet to stop- 
cock 6), this figure; lower opening to special feeding bottle. 

6 . Three-way T-borc stop-cock. Left-side outlet to 5, this figure ; 
right-side outlet to 7, this figure; bottom outlet to air. 

7. TIu'ce-way T-borc stop-cock. Upper outlet to stop-cock 2 , 
Figure 5 ; left-side outlet to air or nursing bottle ; bottom out- 
let to metal bellows or tambour. 

Stop-cocks 5, 6, and 7 can be set so that the negative pressure in- 
volved (1) passes directly to the tambour or bellows or (2) passes 
through the manometer and recording systems. When set for direct 
air transmission, opening stop-cock 6, this figure, returns the entire 
system to zero reading. When the negative pressure is transmitted 
through the manometer system, ( 1 ) stop-cock 5 may he used to re- 
lease the pressure in the nursing bottle without disturbing the pres- 
sure in the balance of the system; (2) stop-cock 7 may be used to 
return the tambour and metal bellows pens to zero without dis- 
turbing the remainder of the system; (3) stop-cocks 6 and 7 used 
simultaneously return the metal bellows, tambour, manometer, and 
nursing bottle to zero reading. 
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FIGURE 3 

Complete Recording Unit: Polygraph, Bellows, Ta^hiour 

L Hooded 25- watt finger-globe lamp for illuminating recorder 
tape. 

2, Special bracket for insulating bellows (3, this figure) from 
motor vibrations. 

3. Bellows. Three-inch low-pressure metal bellows of 15 flanges. 
(Cook Elect! ic Co, ( Chicago.) Top outlet in bellows goes to 
stop-cock No. 1, Figure 4. 

4, Bellows support. Metal bracket, two adjustable arms for 
regulating magnification range of Bristol barugraphic record- 
ing pen. 

5. Tambour. Large size, adjustable. Used at first as a check on 
bellows and later for breathing record. 

6. Time and stimulus marker pen:, 

7, Bristol barographic pen used for recording sucking curves. 
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FIGURE 4 

Manometer Tube System 

1. Three-way T-bore stop-cock, Upper outlet to manometers; 
right-side outlet to mctnl bellows; left-side outlet to tambour. 

2. Tlucc-way T-boie stop-cock. Upper outlet to stop-cock 2, 
Figure 5; left-side outlet Lo air or nursing bottle; bottom out- 
let to stop-coclc v metal bellows, or tambour. 

3. Manometer made from 100-cc. burette tube. Used for record- 
ing pressure- volume. 

4. Manometer made from 50-cc. burette tube, Used for supple- 
menting manometer 3, this figure. 

5 find 6. Auxiliary manometer tubes for reducing excessive ampli- 
tude in record. 

7. Enlarged section of manometer tube used to safeguard against 
drawing water into nursing bottle, 

5. System ol live one-way stop-cocks for cutting in desired num- 
ber of manometer tubes. 

9, Three-way T-bore stop-cock. For description sec 5, Figure 2. 

10, Three-way T-borc stop-cock. For description sec 6, Figure 2. 

B. These connections are described in Figure 5. 
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Manometer Tube System* Two of the manometers 
were constructed of accurately calibrated burettes, 
making it possible to take direct pressure- volume read- 
ings at all times, to calibrate all nipples used, and to 
calibrate the recording system. The oilier two mano- 
meters were calibrated in terms of the graduated 
manometers so that pressure-volume readings could 
always be made, regardless of the manometer arrange- 
ment used, by multiplying the reading on Manometer 
I, or the actual record on the polygraph tape, by a cor- 
rection factor empirically determined. 

Taiu.u of Correction Factors 

Correction factor 


I 

0.0000 

I am] 11 

1.5625 

I ami III 

1.3158 

l ami IV 

3.1250 

I, 11, and HI 

1.9230 

I, II, 111, ami IV 

3.1250 


By manipulating the stop-cocks governing the mano- 
meter tubes it is possible to get 2080 different ampli- 
tudes for a constant input, This makes the arrangement 
very flexible and makes it possible to secure just the 
right degree of amplitude for each infant studied. It 
also adapts the apparatus for use on animals other than 
man. 

All pressure-volume changes occurring during the 
feeding period arc automatically recorded on the poly- 
graph tape. 


Manometer 
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Interval Timer , A special interval timer was de- 
signed and constructed which permitted of intervals 
of 1, 2, 4, 5, 10, and 20 seconds. It also made possible 
a total of 1,048,575 different pattern arrangements. 
Whether regular intervals or pattern arrangements 
were used, a special magnetic pen recorded the ar- 
rangement on the polygraph tape. Tumble switches 
made the setting up of any desired interval or pattern 
a very simple matter. The unit was also so devised 
that it could be set back to zero very readily in the 
event that pattern periodicities were being studied. AH 
time intervals were derived from the 60-cycle, 1800 
r.p.m., type S.A.S., 1/100 horsepower synchronous 
motor which powered the polygraph. Figure 7 shows 
the wiring circuit for the polygraph and the interval 
timer. 

Calibration of the Apparatus. The calibration of 
the apparatus is described in the section on experi- 
mental technique. 

Research Room. The room in which the present in- 
vestigation was conducted is located on the fourth floor 
of the University Hospital in a position between the 
negro and white nurseries. Originally designed for 
use as a ward in the obstetrical division, it is of gener- 
ous proportions, being 25 x 16 feet in size and well 
lighted and ventilated. 



FIGURE 5 

Stop-cock Manifold Connecting Right-hand Side of Mano- 
meter System with Polygraph Recorder 

This unit is labelled B and shown function ally related to the com- 
plete unit in Figure 2. 

1 , One way stop cock serving as air inlet when auxiliary mano- 
meters are used to reduce amplitude. 

2. Three- way parallel stop- cock. Upper outlet to air; lower 
bent outlet to polygraph; middle outlet to manometers. This 
stop-cuck is supplementary to the four separate stop-cucks on the 
manometers and permits of their operation as a unit, 

3 . Three-way parallel stop-cock. Upper outlet to stop-cock 2, this 
figure; lower outlet to stap-cock 1, this figure; middle outlet 
to No, 3 burette manometer tube calibrated for cubic centi- 
meters, 

4, 3, and 6, Thiec-way parallel 3top-cock3 performing same func- 

tion as 3j except that they are connected to manometers 5, 6, 
respectively (Figure 4). 
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FIGURE 6 

Special Fpeuinc Hottle 

This is labelled J anil shown functionally connected in Figure 2. 

1. Nipple. 

2. Outlet: fnr Hiemwmeter. 

J. Scalcd-in glass partition between air ami food compartments. 

4. Opening in partition 2, tin's figure. 

5. Air compartment. 

6. One-way stop-cock connection to recording unit. 
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FIGURE 1 

The figure facing this page shows the functional relationship be- 
tween the previously described synchronous motor which powered the 
polygraph and the 20-point magnetic stepper which furnished the 
time intervals and pattern arrangements used in these experiments. 
The connections with the recording pens of the polygraph, the ex- 
perimenter's stimulus keys, and the tumble switches which governed 
the time patterns, also appear, A reducing unit which lowered the 
motor-originated impulses from .10 to 1 per second is not shown, 


[ 198 ] 






Experimental Technique 
FIGURE 8 

Calibration op the Apparatus 

The records facing this page show specimens of the calibrations 
which were run before and after each feeding of all infants. A 50- 
cc„ Luer syringe was used to draw the water in the manometer sys- 
tem to successive pressure levels of 5, 10, and 15 centimeters. Since 
the burettes from which the manometers were made Were calibrated 
in cubic centimeters, the manometer readings also include the factor 
of volume. This has been indicated by the notation c.c , on the 
calibration records. All pressure readings refer to heights in centi- 
meters of water {not mercury). Actually the pressure is negative 
(vacuum). Comparison of the two calibrations reveals at a glance 
any functional change in the apparatus. Sixteen of these calibra- 
tions were run daily. In all there were 852 such calibrations. 

Weekly calibrations involving levels of 1, 2, 3, 4, 5, 6, 7, 8, 9, Id, 
ll, 12, 13, 14, 15, 16, 17, and 18 cc, were also run. Forty-five 
minutes were consumed in this calibration. Tins period was nine 
times the usual 5-minute period used in continuous feedings and 
2700 times greater than the 10-second feeding interval used in the 
temperature and taste experiments. Levels 5, 10, and 15 were com- 
pared with the corresponding levels of the daily calibrations. 

A Second type of weekly calibration consisted in drawing the 
Water in the manometrie system to a given level and then turning 
off one of the terminal stop-cocks and leaving the apparatus in this 
condition overnight, 

The three calibrations described above served to check on the con- 
sistency of the apparatus and also checked on leaks in the system. 
Furthermore, they made it possible to read pressure-volumes directly 
from the recorded curves. 
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RECORD 8 







FIGURE 9 

Calibration of the Apparatus 

As described in the section on apparatus, proper manipulation of 
the stop-cocks governing the manometer tubes permits of 2080 dif- 
ferent amplitudes of record for a constant output. This flexibility 
makes it possible to secure just the right degree of amplitude for 
each, infant. The records facing this page show the difference in the 
appearance of the sucking curves as different settings of the appara- 
tus are used. The curve in Record 1 was obtained by using mano- 
meter No. I without any brakes. The curve in Record 2 was 
obtained while using manometer No. I and all brakes. It will be 
noticed that there is a difference in the amplitude of the individual 
sucks, those in Record 2 being much less. Also the steepness of 
curve is much less in Record 2, The setting used in Record 1 is 
suitable for short feeding intervals,* while the setting used in Record 
2 is better for long-continued sucking. Determination of optimum 
settings for each infant used was part of the experimental routine, 
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FIGURE 10 

Calibration of Nipples 

The nipples used! were calibrated both by instrument and by com- 
parison of actual sucking curves. In calibrating the nipples by in- 
strument the water in the manometric system was raised to a pres- 
sure level of 40 cc. by means of a 50-cc. Luer syringe, This pressure 
was then released and the time necessary for it to reach zero, by 
forcing its way through the nipple attached to the nursing bottle, 
was recorded. Nipples with equal time records were then paired. 
These pairs of nipples were then further checked by comparing actual 
sucking curves of the infants, 

Figure 10 shows the differences in appearance of the sucking curves 
when nipples with varying sized outlets are used. Curves I and II 
show the results from two different nipples testing 5 (large outlet). 
Curves III and IV show the results from two different nipples testing 
12 (medium, outlet). Curves V and VI show the sort of record 
secured when two different nipples testing 20 (smallest outlet) were 
used. The values 5, 12, and 20 are arbitrary units derived from 
the time in seconds, volume, and height of manometer as given 
above, 

All curves in Figure 10 were obtained from the same baby on 
the same day. The controls are not shown but were identical. It 
will be noted that two different curves with equal-testing nipples give 
virtually identical results, while at the same time curves for nipples 
testing 5, 12, and 20 are distinctly different, Frequently as high as 
100 nipples would be tested before a suitable pair was obtained. The 
nipple used on the control mixture at one feeding Was used on the 
experimental mixture at the next feeding and vice versa. 

All rubber connections were of %-inch pure gum tubing and 
were changed every two weeks, The pens used were cleaned and 
put away after each feeding period. The apparatus was kept in a 
dust-proof cover between experimental periods. 
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The Period of the Investigation. This research was 
divided into two main periods, a preliminary explora- 
tory investigation extending from March 18th to April 
30th, and the investigation proper, extending from 
June 17th to July 12th. In the preliminary research 
three feeding periods (9:30 A.M.j 6:30 P.M., and 
9:30 P.M.) were used, while in the main investigation 
four feeding periods (9:30 A.M., 3:30 P.M., 6:30 P.M., 
and 9:30 P.M.) were used. 

The preliminary investigation was exploratory in 
nature and devoted to testing the scope and usefulness 
of the new apparatus and technique. Optimum settings 
of the apparatus and the best speed for the polygraph 
tape were ascertained, The nature of the feeding re- 
action was studied. The sucking curve was analyzed. 
The location of the swallows on the curve was deter- 
mined by auscultating with a stethoscope over the 
esophagus. Different durations of control and experi- 
mental periods were compared, and a 10-second dura- 
tion was finally decided upon. Preliminary taste and 
temperature experiments were made. The method for 
calibrating the nipples and apparatus was perfected and 
the experimental routine developed. At the end of the 
preliminary investigation the records to date were care- 
fully analyzed and the program for the main investiga- 
tion formulated. 

In the main investigation the tentative conclusions 
from the preliminary investigation were checked, the 
experimental procedure perfected, and the main ex- 
periments on temperature and taste completed. 
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Sanitary Precautions. The experimenter and his as- 
sistants wore sterilized hospital gowns which were 
changed every other day and oftener if necessary. The 
hands of the individuals engaging in the experimental 
work were washed before and after handling each in- 
fant. All apparatus was sterilized after the feeding of 
each infant and kept between sterile towels between ex- 
perimental periods. 

The salt, glucose, sterile water, distilled water, and 
acid used in the taste .experiments were secured from 
Surgery. A 6-per-cent glucose solution was used. This 
was heated to 240° F. for ten minutes on two separate 
occasions, a 24-hour period intervening between heat- 
ings. The solution was then sealed in a sterile bottle. 
A .9-per-cent salt solution (physiological saline) was 
used. This was prepared by being maintained at a 
temperature of 259° F. for a 20-minute period and was 
then sealed in a sterile flask. In the dilution experi- 
ments, distilled water, also obtained from Surgery, was 
used. 

The formulae used were prepared by the maternity 
nurses under the supervision of Miss Ickes or Miss 
Evans. These contained the following ingredients: 


Formula number 1 : 



Milk 

7 

o z. 

Barley water 

14 

oz. 

Karo (brown) 

16 

oz. 

Formula number 2: 



Milk 

9 

oz. 

Barles' - water 

12 

oz, 

Karo (brown) 

32 

oz. 
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Formula number 3 : 

Milk 10 oz. 

Barley water 11 oz. 

Karo (brown) 40 oz. 


The Ne<w Experimental Procedure. The technique 
developed in this research consisted in comparing suck - 
ing reactions to various experimental stimuli with a 
control sucking reaction, all curves being objectively 
recorded. Milk, at a temperature of 40°C. was used as 
a control. This was administered for 10 seconds. 
After a wait of 20 seconds the experimental mixture 
(sterile water, glucose 6 per cent, ,900-per-cent salt, 
.450-per-cent salt, .300-per-cent salt, .225-per-cent salt, 
or milk at temperatures above or below 40°C.) was ad- 
ministered for 10 seconds. Then after 20 seconds the 
control was readministered. This procedure was 
continued until at least six controls had been given. 
The controls being identical, any deviation from the 
control curve by the experimental curve was inter- 
preted as a differential reaction. These differential re- 
actions were not of an all-or-none character but proved 
to be gradual deviations from the control curves, be- 
coming more marked as the temperature was raised or 
lowered as compared with the control and as the per- 
centage of salt solution was increased. 

The order of presentation of both experimental 
stimuli and controls was continually varied to avoid 
space-time errors and as a check on positive and 
negative adaptation. 
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The Experimental Procedure Proper . The routine 
experimental procedure in time order was as follows: 

1. The infant was observed for 5 minutes and then 
brought from the nursery to the research room. 

2. A record was made of the name of the infant, the 
date, the time of day, the condition of the infant, the 
behavior of the infant, and the temperature and 
humidity. 

3. The amount of milk or formula to be used as a 
control was measured and placed in the nursing bottle. 

4. The amount of salt or other experimental mix- 
ture was measured and placed in a second nursing 
bottle. 

5. The desired temperature for both control and 
experimental mixture was secured. An electric heater 
was used to warm the feeding mixture and an ice bath 
to cool it to any desired temperature. 

6. The infant’s basinet was tilted to an angle of 15 
degrees. 

7. The polygraph was started and the recorder cali- 
brated. 

8. The infant was given the control (milk at a tem- 
perature of 40° C.) for 10 seconds, 

9. The temperature was retaken as soon as the 10- 
second period was completed. 

10. The amount remaining was ascertained. 

11. The salt or other experimental mixture was then 
given to the baby for 10 seconds. 

12. The temperature of the salt or other experi- 
mental mixture was then redetermined as soon as the 
10-second administration was over. 
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13. The amount remaining was ascertained. 

14. The infant was then given the control again at 
the original temperature for 10 seconds. 

15. Steps 9 and 10 were then repeated and the whole 
process repeated at least three times. 

The order of presentation was continually varied to 
eliminate space-time errors, and no results in which 
less than six controls appeared were ever used. 

The Experimenters. It was the duty of one experi- 
menter to get the milk, salt, etc., to be used, to measure 
the amounts before and after each administration to the 
infant, to raise or lower the feeding mixture and the 
experimental mixture to the desired temperatures, and 
to wash and sterilize the bottles and nipples used. 

It was the duty of the second experimenter to ob- 
serve the infant for 15 minutes before experimentation 
began, to change its diaper if necessary, to bring the 
baby from the nursery to the research room, to feed 
the baby, to observe and report significant reactions, to 
observe the infant for 15 minutes following completion 
of the feeding period and to return it to the nursery. 

It was the duty of the third experimenter to keep 
the apparatus in first-class mechanical condition, to 
calibrate the nipples and recorder, and to start and to 
stop the apparatus. 

The Infant . The infant was observed for at least 
15 minutes before and for at least 15 minutes after each 
feeding period. The physiological condition — awake, 
asleep, dry, wet, soiled, crying, quiet — given in con- 
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nection with each record refers to his condition when 
first observed and not to his condition during the ex- 
periment, This technique was adopted because the 
babies were always changed before being brought into 
the research room if wet or soiled. Unless otherwise 
indicated, they were also awakened for their feeding, 
because the preliminary investigation had revealed that 
an awake, alert baby was a better subject than a baby 
which was asleep. A record was made of the name, 
date, time of day, condition, behavior, temperature, 
and humidity for each infant at each feeding. The 
complete hospital data for each infant used were also 
secured and studied. 

Two infants were used at each experimental period, 
and the same infants were used at each feeding period 
as long as they remained in the hospital. The total 
program for each infant was as follows: 

1. Continuous water feeding curve on day of birth 
secured. 

2. Milk or formula feeding continued until con- 
tinuous sucking occurred for at least 30 seconds. 

3. Tested for presence of nystagmus on day of birth. 

4. Sterile water record compared with milk record. 

5. Reactions to glucose compared with reaction to 
milk. 

6. Reactions to .900-, .450-, .300-, and .225-per-cent 
salt solutions compared with control reaction, 

7. Reactions to milk at temperatures above 48 C. 
and below 25° C. compared with control reactions. 
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8. Optimum setting of recorder and best nipples for 
each infant determined. 

9. Continuous air sucking records obtained. 

10. Intermittent air sucking records Secured. 

11. Effect on sucking of pinching toe, pulling hair, 
and sudden dropping studied. 

12. Moro reflex tested. 



Ill 

Data and Results 

The results of the present investigation are presented 
in the form of photographic reproductions of the 
original unretouched records. Opposite each illustra- 
tion there is a page explaining the experiment in 
question. 

TABLE 1 

Sex and Race Distridution or Subjects 


White Negro Total 


Male 6 3 9 

Female 2 6 8 

Total 8 9 17 


TABLE 2 

Summary of Experiments 


Situation Frequency 


First water feeding 10 

Second water feeding 10 

First milk feeding 12 

Continuous feeding 100 

Calibration of nipples 100 

Sterile water 82 

Acid 20 

6% glucose 82 

,900 salt and 6% glucose 52 

.900 salt solution 312 

.450 salt solution 174 

.300 salt solution 162 

.225 salt solution 170 

.200 salt solution 67 

Pinched toe 165 

Pulled hair 115 

Dropped 4 inches 20 

Nose held 24 

Sucking on air 604 

Temperature 450 

Total 2731 
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FIGURE 11 

Types of Differential Reaction 

The next three figures show various types of differential reactions. 
On the page facing this one arc given six examples of Type 1. The 
characteristic of this type is that sticking occurs for a few seconds, 
then there is a short break after which sucking is resumed. This 
reaction is accompanied by pressure increase in specimens 1, 2, 3, 
and 4, 

Record 1. Infant AJs — female, negro — 9:30 a.m. — wet, crying — 

4 days old. 

Record 2. Infant Als — female, negro — 7:00 Km, — wet, crying— 
9 days old. 

Record 3. Infant Hef — female, white — 3:30 p,m. — dry, asleep— 
9 days old — humidity 90-74. 

Record 4. Infant Lyn — male, white — 4:10 p.m, — dry, crying — 

8 days old — humidity 87-75. 

Record 5. Infant Can — female, negro — 6:30 p,m. — dry, asleep— 
6 days old. 

Record 6. Infant Can — female, negro — 9:30 a,m, — dry, awake — - 

5 days old. 
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FIGURE 12 

Types of Differential Reaction 

Record 1 facing this page illustrates Type 2. The chief charac- 
teristic of this type of differential reaction is that the increase in 
pressure is not uniform, Sucking movements continue throughout, but 
the pressure remains constant or drops slightly, (Infant Fra — 
female, negro— 9:30 P.M.— wet, crying— 12 days old— humidity 84- 
73,) 

Record 2 facing this page illustrates Type 3. In this type there 
is initial sucking, then a break or decrease in amplitude of the in- 
dividual sucks, then a few sucks followed by another break and 
finally another period of sucking. (Infant Hef— female, white— 
6:30 p.M,— soiled, awake, and quiet — 5 days old.) 
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FIGURE 13 

Types of Differential Reaction 

Records 1, 2 , 3, and 4 facing this page are examples of Type 4, 
In this type, which was found most frequently in these experiments, 
there is pronounced sucking for an interval of from 3 to 12 seconds. 
This type of reaction is usually found at the temperature thresholds, 
Record 1. Infant Wls — female, negro — 9.30 p.m. — dry, awake— 
6 days old- 

Record 2. Infant Wis — male, negro — 6:30 p.m. — wet, crying — 10 
days old. 

Record 3. Infant Hef — female, white — '3:30 P.M. — dry, asleep— 
9 days old, 

Record 4, Infant Hef — female, white — 6:30 p.m.— soiled, awake 
— 7 days old — humidity 87-73. 

Records 5 and 6 illustrate Type 5. In Type 5 there is initial 
sucking followed by coughing for from 1 to 4 seconds, after which 
sucking movements reappear. 

Record 5. Infant Fra — female, negro — 9:30 P.M. — sailed, asleep — 
6 days old — humidity 86-74. 

Record 6. Infant Swi — male, white — 6:30 p.m. — wet, crying — 5 
days old — humidity 90-76, 
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FIGURE 14 

Individual Differences in Sucking Reactions 

Record 1 facing this page shows excellent sucking on the part 
of an infant 1 hour and 30 minutes old. This was the best record 
secured at such an early age. (Infant Cop— male, white— 3 :4 5 p.m. 
—wet, crying, very active— humidity 86-72.) 

Record 2 shows virtual absence of the sucking response in an 
infant IS hours and 45 minutes old. (Infant Wil — male, white— 
9:30 a.m. — dry, awake, quiet— humidity 82-72.) 
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FIGURE 15 

FrRST Milk Fbboing and Early Differential Reactions 
to Salt 

Record 1 on the page facing this one shows excellent continued 
sucking on the part of an infant 1 day old, This was the first 
milk feeding for this particular infant, (Infant Cop — male, white — • 
3 :30 p.m. — dry, awake — humidity 84-68.) 

Record 2. (Infant Cop — male, white — 9i30 A.M. — dry, asleep 
— 2 days old — humidity 78-66.) Usually experiments on differential 
reactions were not begun until the third day, but this record shows 
a definite differential reaction to .900 salt using milk at a tempera- 
ture of 40° C, as a control. 
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FIGURE 16 

T EM PERATUR E — U r PE R T H RESHQLD 

The page facing this one shows the results of the experiment in 
which the upper temperature threshold for infant Fra was ascer- 
tained. (Infant Fra — female, negro— 6:45 p.m.- — dry, awake — 
13 days old — humidity 86-71.) (Only two controls are shown, 
though six were given,) Record 1 shows the original control. 
Record 2 shows a slight break in the sucking curve at 50° C, 
Record 3 shows a more pronounced differential reaction at 53° C. 
Record 4 shows a very pronounced differential reaction at 55° C. p 
and 5 shows that the infant began crying at 57° C. Record 6 
shows the final control. 

These curves show: 

1, That milk at the temperatures of 40, 50, 53, 55 and 57° C. 
was administered. 

2, That differential reactions were secured to milk of 50, 53, 55, 
and 57° C. 

3. That the upper threshold was 50® C. 

4. That when high temperatures were used as stimuli, the differ- 
ential reaction became greater and greater as the temperature 
became higher and higher. 
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FIGURE 17 

Temperature— Lower Threshold 

The page facing this one shows the results of the experiment 
in which the lower temperature threshold for infant Cop was 
ascertained. (Infant Cop — male, white— 3 :30 P.M. — wet, awake — 
8 days old — humidity 84-66.) Only two controls arc shown, though 
seven were given, 

Record 1 shows the original control. Record 2 shows a slight 
differential reaction to milk at 22° C. Record 3 shows a more 
pronounced differential reaction at 20" C, Record 4 shows a 
still more marked differential reaction at 18° C, Record 5 
shows that the most pronounced differential reaction occurred at 
1 6° C- Record 6 shows the final control. 

This experiment shows; 

1. That milk at the temperatures of 40, 22, 20, 18, and 16" C. 
was administered. 

2. That differential reactions were secured to milk of 22, 20, 18, 
and 16° C. 

3. That the lower threshold was 22" C. 

4. That when low temperatures were used as stimuli the differential 
reaction became greater and greater as the temperature became 
lower and lower. 
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FIGURE 18 

Temperature — Upper Threshold 

The page facing this one shows the results of the experiment in 
which the upper temperature threshold for milk was ascertained lor 
infant Cop, (Infant Cop — male, white — 6:30 p.m, — soiled, crying 
— 4 days old— humidity 85-71.) Only two controls are shown, 
though seven were given. 

Record 1 shows the original control using milk at 40° C, 
Record 2 shows a pronounced differential reaction to milk at 60° C, 
It will be noted that the infant began vigorous crying. Pronounced 
avoidance movements were also noted. Record 3 shows a marked 
differential reaction to milk at a temperature of 55" C. At this 
temperature whimpering occurred. Record 4 shows a slight differ- 
ential reaction to milk at a temperature of 53" C. Record 5 shows 
that no differential reaction was made to milk at a temperature of 
47° C. Record 6 is the final control, 

This experiment shows: 

1. That milk at the temperatures of 40, 60, 55, 53, 47, and 40° C. 
was administered. 

2. That differential reactions were secured to milk at the tempera- 
tures of 60, 55, and 53° C. 

3. That the upper threshold was 53 # C. 

4. That no differential reaction was made to milk at a temperature 
of 47* C. 

5. That when high temperatures were used as stimuli, the differ- 
ential reaction became greater and greater as the temperature 
became higher and higher. 

Note: Comparison of this figure with Figure 16 shows that 
reversing the order of presentation of stimuli does not interfere 
with obtaining the thresholds. 
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FIGURE 19 

Temperature Thresholds 

The page lacing this one contains a portion of the record of the 
experiment in which the Lower threshold for infant Cop and the 
upper threshold for infant Fra were obtained. 

In Record 1 only two controls and one experimental temperature 
are shown, although actually eight controls were given as were 
also experimental temperatures of 23, 22, 20, and 19° C. (Infant 
Cop — male, white — 9:30 a.m.' — soiled, crying— 7 days old — humid- 
ity 76-65.) This record shows: 

1. That a differential reaction to milk at 22° C. was obtained, 

2. That the lower temperature threshold was 22° C. (No dif- 
ferential reaction was secured at 23° C., and increasingly 
greater differential reactions were secured at 20“ and 19“ C.) 

Record 2 shows only two controls and one experimental tempera- 
ture, although actually seven controls were given, as were also 
experimental temperatures of 55, 53, 52, 51, and 49* C, (Infant 
Fra — female, negro — 3:50 P.M. — dry, asleep — 16 days old — humid- 
ity 84-66.) This record shows: 

1. That a differential reaction to milk ut 51° C. was given. 

2, That the upper temperature threshold was 51° C. (No 
differential reaction was secured at 49“, and increasingly greater 
differential reactions at 52, 53, and 55° C.) 

Note: Comparison of these results with those presented in 
Figures 17 and 16 shows that the lower temperature threshold for 
infant Cop at 7 days was identical with that at 8 days and that 
the upper theshold for infant Fra was 50° C- on the 13th day and 
5|° C, on the 16th day. 
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FIGURE 20 

Temperature— Comparison of Upper and Lower Thresholds 

The sections of record facing this page are taken from the results 
of an experiment in which the differential reactions to milk at high 
and low temperatures for the same infant were compared. No 
controls are shown, though eight were given, Also, the experiment 
WaE repeated three times with identical results. (Infant Lyn— 
male, white— 9:30 a.m, — wet, crying— 9 days old— humidity 86-70.) 
These records show: 

1. That pronounced differential reactions were made to milk at 
temperatures of 53 and 17° C. 

2. That the differential renction to milk at 53° C. was virtually 
identical with that made to milk at a temperature of 17" C, 
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FIGURE 21 

Comparison of Differential Reactions to Milk at Hioh and 
Low Temperatures 

The. sections of record facing this page arc taken from the 
results of an experiment in which the differential reactions to milk 
at high and low temperatures for the same infant were compared, 
No controls are shown, though seven were given and the experiment 
repeated three times with virtually identical results, (Infant All — 
female, negro— 9:30 a.m. — dry, awake — 10 days old.) 

These records show: 

1. That pronounced differential reactions were given to milk at 
temperatures of 15 and 57° C. 

2, That the differential reaction to milk at a temperature of 15“ C. 
was virtually the same as that made to milk at a temperature of 

57“ a 
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FIGURE 22 

Comparison of Differential Reactions to Milk, at High 
' and Low Temperatures 

Records 1 and 2 facing this page show; 

1, That pronounced differential reactions were given to milk at 
temperatures of 59 and 14° C. 

2. That the differential reaction to milk at a temperature of 59° C. 
was virtually identical with that made to milk at a temperature 
of 14° C. 

(Infant Hef — female, white — 6:30 P.M. — wet, asleep — 9 days 
old — humidity 92-75.) 

Records 3 nnd 4 facing this page show: 

1. That definite differential reactions were made to milk at 
temperatures of 54 and 17° C. 

2. That the differential reaction to milk at a temperature of 54° C. 
was virtually identical with that made to milk at a temperature 
of 17“ C. 

]VJote : Records 1, 2, 3, and 4 were made by the same infant and 
show: 

1. That much more pronounced differential reactions were made 
to milk at temperatures of 59 and 14” C. than at 54 and 17° C. 
Records 5 and 6 facing this page show: 

1. That pronounced differential reactions were made by infant 
Can to milk at temperatures of 55 and 18” C. 

2. That the differential reaction made to milk at a temperature of 
55“ C. was virtually identical with that made at a temperature of 
18“ C. 

(Infant Can — female, negro — 9:30 A.M. — dry, awake— 6 days 
old,) 



DIFFERENTIAL REACTIONS IN NEWBORN INFANTS 437 



RECORD 6 


RECORD 6 








FIGURE 23 

Differential Reactions to Salt Solution 

Records 1 and 2 facing this page are for the same infant, 2 being 

a direct continuation of 1, and show; 

1. That milk at a temperature of 40° C. was administered, then 
,300 salt solution at 40° C. } then milk at 40° C., then milk at 
40°C. again, then ,225 salt solution at 40“ C., and finally milk 
at 40 8 C. 

2 . That no differential reaction was made to .225 salt solution at 
40* C. 

3. That a pronounced differential reaction to .300 salt solution 
at 40° C, was made. 

4. That the threshold for salt dilution was .300 per cent. 

5. That the infant reacted differentially to a difference in salt 
solution of ,075 per cent. 

6. That the differential reaction to salt solution was definitely 
greater as the percentage of salt in solution was increased, 
(Infant Hcf — female, white — 9 ;3Q p, to,-— dry, asleep — 9 days 
old — humidity 89-75.) 
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FIGURE 24 

Differential Reactions to Salt Solution 

Records 1 and 2 facing this page are for the same infant, 2 being 

a direct continuation of 1, and show: 

1. That milk at a temperature of 40° C. was administered, then 
.900 salt solution at 40° C,, then milk at 40* C., then milk at 
40° C., then ,300 salt solution at 40° C () and then milk nt 
40° C. 

2. That no differential reaction was made to ,300 salt solution at 
40“ C. 

3. That a pronounced differential reaction was made to .900 salt 
solution at 40“ C. (The threshold for salt dilution for infant 
Kie was found to be ,450 per cent showing that the infant 
reacted differentially to a difference in salt 1 solution of ,150 per 
cent.) 

4. That the differential reaction to salt solution was increased as 
the percentage of salt in solution was increased, 

(Infant Kie— male, negro— 4:10 P.M.— dry, crying— 8 days 
old — humidity 82-70,) 
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FIGURE 25 

Differential Reactions to Salt Solution 

Records 1 and 2 facing this page arc for the same infant* 2 being 

a continuation of 1, and show; 

1, That milk at a temperature of 4G fl C. was administered, then 
.225 salt solution at 40* C., then milk at 40° C., then milk at 
40° C., then ,200 salt solution at 40“ C., then .300 salt solution 
at 40° C., and then milk at 40° C, 

2, That no differential reaction was made to .200 salt solution at 
40° C 

3, That a slight differential reaction was made to .225 salt solution 
at 40* C, 

4, That a pronounced differential reaction was made to .300 salt 
solution at 40" C. 

5, That the threshold for salt solution for infant Fra was ,225 
per cent. 

6 ( That the infant reacted differentially to a difference in salt 
solution of .025 per cent. 

7. That the differential reaction to salt solution was increased as the 
percentage of salt in solution was increased, 

(Infant Fra — female, negro — 6:30 p,m. — Wet, asleep — 8 days 
old—- humidity 86-70.) 
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FIGURE 26 

Differential Reactions to Salt Solution 

Note! Infant Wis failed to react differentially to .900 salt solu- 
tion at 40“ O, being the only infant tested who failed to do so. 
Rather than increase the percentage of salt in solution it was decided 
to compare lower temperature thresholds. The records facing this 
page were the outcome. No controls are shown, though six were 
used, (Infant Wis — male, negro — 9:30 a.m — dry, crying— 12 days 
old,) Records 1, 2, and 3 show: 

1. That milk at a temperature of 10° C.> .900 salt solution at 
10° C., .900 salt solution at 9° C., milk at 9° C., milk at 8° C., 
and .900 salt solution at 8° were administered, 

2. That there was a slight differential reaction between .900 salt 
solution at 10° C, and milk at 10° C. 

3. That there was a pronounced differential reaction between ,900 
salt solution at 9° C. and milk at 9° C. 

4. That there was a pronounced differential reaction between ,900 
salt solution at 8° C. and milk at 8° C. 

5. That infant Wis reacted differentially between .900 salt solu- 
tion and milk when the temperatures of both were lowered to 10" 
C. and that the differential reaction wits pronounced at 9° C, 

6. That there was a pronounced differential reaction between ,900 
salt at 9* C, and .900 salt at 10° C. 

7. That the infant reacted differentially to a difference of 1“ C, in 
.900 salt solution, 

Note: The lower temperature threshold for milk in infant Wis 
was found to be 5 a C. and the upper 65° C. 


[ 444 ] 



DIFFERENTIAL REACTIONS IN NEWBORN INFANTS 


445 





RECORD 3 







FIGURE 27 

Effect on Sucking Air of Holding Infant's Nose 

The record facing this page shows: 

1. That the nose was held for 11 seconds while the infant was 
sucking on air. (The term holding the nose means that the 
nostrils were compressed so as to make impossible the passage 
of air.) 

2. That four full-sized sucks occurred after the nose was grasped, 

3. That after 2 seconds the sucking became very irregular and 
there was no pressure increase. 

4. That nftcr 7 seconds the sucking was resumed and the pres- 
sure again mounted, 

5. That sucking ceased 3 seconds after the nose was released, 
(Infant Fra— female, negro— 9:30 A.M. — dry, asleep- — 9 days 
old — humidity 78-66.) 
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FIGURE 28 

Effect on Sucking of Pulling Hair or Holding 
Infant's Nose 

Record 1. Effect on sucking air of pulling the infant's head 
hair, (Infant Cop — male, white— 9:50 A.M.— wet, crying — 8 days 
old — humidity 76-63.) This curve shows: 

1. That pulling the infant's head hair caused resumption of sucking 
which had ceased. 

2. That the first time the hair was pulled the sucking lasted for 
5 seconds. 

3. That the second time the hair was pulled the sucking lasted 
for 8 seconds. 

4. That a characteristic record was made on the polygraph tape 
when the baby hiccoughed while nursing. 

Record 2. Effect on sucking milk of holding infant’s nose, 
(Infant Fra- — female, negro — 9:30 a.m. — drj', asleep — 10 days old 
— humidity 78-66,) This curve shows: 

1. That the nose of infant Fra wns held for 28 seconds. 

2. That for 19 seconds there was no noticeable effect on the 
sucking, 

3. That after 19 seconds the swallows became more pronounced. 

4. That after 26 seconds the pressure began to drop. 

5. That for 9 seconds after the nose was released there were no 
sucking movements, and bubbles appeared in the bottle, 

6. Thnt 9 seconds after the nose was released sucking was resumed, 

Record 3, Effect on sucking milk of holding infant's nose. 

(Infant Fra — female, negro— 3 :30 p.m. — wet, crying — 9 days old — 
humidity 84-68.) This curve shows: 

1. That the nose was held for 10 seconds. 

2, That there was no change in the sucking behavior while the 
nose was being held. 
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FIGURE 29 

Effect on Sucking Milk of Turning on a 1000-Watt Lamp, 
of Pulling the Infant's Hair* or of 
Pinching Its Toe 

Record I shows: 

1. That for 22 seconds after the bottle was placed in the infant’s 
mouth no sucking occurred. 

2. That immediately after a 1000-watt lamp was turned on 2 feet 
above and 3 feet behind the infant, mouth movements began. 

3. That 7 seconds after the light wfis turned on, coordinated suck- 
ing began, 

(Infant Hef — female, white— 3:30 P.m. — wet, asleep— 8 days 
. old.) 

Record 2 shows; 

1, That for 37 seconds after the nursing bottle was placed in the 
infant's mouth no sucking occurred. 

2. That 2 seconds after the infant’s head hair was pulled, definite 
coordinated sucking began. 

(Infant Hoi — male, white — 9;30 a.m. — dry, awake, quiet — 4 
days old.) 

Record 3 shows: 

1. That for 10 seconds after the nursing bottle was placed in the 
infant’s mouth no sucking occurred. 

2. That 1 second after the infant’s Large toe of the right foot was 
pinched, vigorous crying began which continued for 11 seconds. 

3. That the vigorous crying stopped abruptly and coordinated 
sucking began. 

(Infant Cop — male, white — 3:30 p.m.— soiled, asleep — 2 days 
old.) 
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FIGURE 30 

Effect on Sucking Milk or Air of Pinching Tor 
Record I shows: 

1, That infant Weh at 1 day of age nursed poorly. 

2. That 2 seconds after the large toe of the right foot was pinched, 
the infant began to whimper, nnd that this continued for 
about 2 seconds, 

3>. Thai aStt! tta vacant mvG-’ith 

movements began and continued for about 7 seconds. 

4, That repetition of the experiment produced substantially the 
same result. 

(Infant Weh — male, white — 9:30 a.m.— dry, awake, quiet — 1 
day old — humidity 82-72.) 

Record 2 shows; 

1, That for 12 seconds after the nursing bottle was placed in 
infant Well's mouth no sucking occurred. 

2, That immediately after pinching its toe, vigorous intake move- 
ments occurred for about 2 seconds. 

3, That for 6 seconds after the intake movements weak sucking 
occurred. 

4, That 8 seconds after the infant's toe was pinched, strong 
coordinated sucking began. 

(Infant Weh — male, white — 6;30 p.m. — dry, asleep — 2 days 
old — humidity 82-66.) 

Comparison of Records 1 and 2 shows: 

1, That the response to pinching the toe was much greater for 
infant Weh at 2 days of age than at 1. 

Record 3 shows; 

1. That the infant discriminated the empty bottle in about 1)4 
seconds and refused to suck for 14^a seconds. 

2. That 15 seconds after the nursing bottle was placed in the 
infant's mouth its toe was pinched. 

3. That immediately after its toe was pinched, mouth movements 
began. 

4. That 2 seconds after the infant's toe was pinched, vigorous 
sucking began and continued for 6 seconds, after which the 
infant refused to suck, 

(Infant Cop — male, white — 9:30 P.M. — dry, awake — 8 days 
old — humidity 82-66.) 
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FIGURE 31 

Effect of Pinching the Toe on Sucking Milk,, Air, and Salt 

Record 1 shows: 

1. That for 28 seconds after the nursing bottle containing milk 
at 40° C. was placed in the infant's mouth no sucking occurred. 

2. That 28 seconds after the nursing bottle was placed in its 
mouth, the infant's toe was pinched. 

3. That 2 seconds after its toe was pinched, it began vigorous 
crying which continued for 8 seconds. 

4. That 10 seconds after its toe was pinched, vigorous sucking began 
and continued for 30 seconds, at which point the bottle was 
emptied. 

5. That after 10 seconds of sucking air the infant refused to con- 
tinue to suck. 

(Infant Cap — male, white — 9;30 a.m, — dry, asleep — -2 days 
old — humidity 78-66.) 

Record 2 shows: 

1, That sucking on milk at 40° C, continued until the bottle was 
emptied. 

2, That the infant quickly discriminated the uir and refused to 
suck. 

3, That when the infant had refused for 35 seconds to suck on air 
its toe was pinched. 

4, That 4 seconds after its toe was pinched, it began vigorous 
sucking an air which continued for 9 seconds and then stopped. 
(Infant Cop— male, white— 9:30 p.m. — dry, awake — 8 days 
old — humidity 82-66.) 

Record 3 shows: 

1. That for 14 seconds after the nursing bottle containing milk 
at a temperature of 40“ C. was placed in its mouth the infant 
refused to suck. 

2. That 14 seconds after the nursing bottle was placed in its 
mouth, its toe was pinched. 

3. That 2 seconds after its toe was pinched, vigorous sucking 
began. 

4. That the infant refused to suck on .900 salt solution at 40° C. 

5. That 14 seconds nftcr the .90 0 salt solution was placed in its 
mouth, its toe was pinched, 

6. That immediately after its toe was pinched, slight mouth move- 
ments began. 

( Continued on page 456) 
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7, That 4 seconds after its toe was pinched, vigorous sucking 
movements began, but only three occurred. 

8, That differential reactions to .900 salt solution occurred even 
with the added stimulus of a pinched toe. 

(Infant Cop — male, white — 3 :30 p.m. — dry, crying — 5 days 
old — humidity 86-72.) 

Comparison of Records l, 2, and 3 shows: 

1, That in the case of infant Cop pinching the large toe of the 
right foot produced sucking in the ease of milk, air, and salt. 

2, That the sucking was greatest and longest continued in the 
case of milk, next longest in the case of air, and least in the 
case of salt. 


FIGURE 32 

COMPARISON OF SUCKING REACTIONS TO SA1.T AND TO AciD 
Record 1 shows: 

1. That acid at a temperature of 40° C. was administered, then 
,900 salt solution at 40° C,, then acid at 40* C. 

2. That a differential reaction occurred between .900 salt solution 
and acid, 

3. That acid acted like a milk control. 

(Infant Cop — male, white — 9:30 a.m. — dry, asleep — 6 days old 
—humidity 80-66.) 

Record 2 shows : 

1, That acid at a temperature of 40° C. was administered, then 
,300 salt solution at 40° C, p and then acid at 40° C, 

2, That a pronounced differential reaction occurred between .300 
salt solution and acid, 

3, That acid acted like a milk control, 

(Infant Fra — female, negro — 3:30 p.m. — soiled, asleep — 5 days 
old — humidity 87-72.) 
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FIGURE 33 

Continuous Suckino on Air 
Record 1 shows; 

1, That in the case of infant Fra sucking on air* was intermittent, 

2, That no swallows occurred in sucking air. 

3. That the sucking was of the intake type. 

4. That infant Fra maintained the sucking pressure during rest 
periods. 

(Infant Fra — female, negro — 9:30 P.M.-— ' wet, crying — 12 days 
old — humidity 84-73.) 

Record 2 shows : 

1. That in the ease of infant Swi sucking on air was almost a contin- 
uous process. 

2. That no swallows occurred in sucking air. 

3. That the sucking was of the intake type, 

(Infant Swi — male, white — 10:15 A,M, — dry, crying — 5 days 
old — humidity 81-69.) 

Record 3 shows: 

1, That in the case of infant Cop sucking on air was distinctly 
intermittent. 

2 . That no swallows occurred in sucking air, 

3. That the sucking was of the intake type. 

4, That in the ease of infant Cop tile pressure tended to drop 
during the rest periods. 

(Infant Cop — male, white — 9:35 A.M.-— Wet, crying — 8 days 
old— humidity 76-63.) 

Note: In each case the sucking on air was continued for 15 
minutes with substantially the same result. 
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FIGURE 34 

Differential Reactions to Air 

Records 1 and 2 (Record 2 is a direct continuation of Record 1) 

show. 

1, That milk at a temperature of 40° C. was administered, then 
air, then milk at 40* C, } then air, then milk at 40° C., then 
air, then milk at 40° C., and then air, 

2, That a differential reaction between milk and air occurred, 

3, That no swallows occurred in the air record. 

4, Tfmt the infant learned to discriminate air and refused to suck on 
the empty bottle. (In Record 2 no sucking at all occurred to 
air.) 

(Infant Fra — female, negro — 9;30 F.M. — wet, crying— 10 days 
old— humidity 86-69.) 

Record 3 shows i 

1. That milk at a temperature of 40" C. was administered, then 
air, then milk at 40° C., and then air, 

2. That no swallows occurred when sucking on air, 

3. That the infant failed to discriminate air. (This experiment 
was repeated three times with identical results.) 

■ (Infant Swi — male, white — 10:15 a,m. — dry, crying — 5 days 
old — humidity 81*69.) 
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FIGURE 35 

Calibration of Abt’s Breast Pump 

The three records facing this page show: 

1, That Setting 3 gave a record which most closely resembles the 
record of the infant’s sucking curve. 

2, That Setting 8 gave a record which k distinctly different from 
that of the infant, 


[ 462 ] 



SECONDS 


differential reactions in newborn infants 


463 




RECORD 3 





FIGURE 36 

Sucking and Swallowing in this Ratio of 2-1 

The record facing this page shows ; 

1, That for 30 seconds infant Mae maintained a ratio of 2-1 
between sucking and swallowing (that is, there would be a 
suck, and a suck and a swallow, then a suck, and a suck and a 
swallow, etc). (This was the only instance in the present 
investigation where this occurred.) 

(Infant Mac-female, negro— 9:30 a.m.— dry, awake — 4 days 
old.) 
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CONCLUSIONS AND DISCUSSION 


1. Using 450 temperature stimulations on 17 in- 
fants, the following temperature thresholds were 
obtained, 


TABLE 3 

Temperature thresholds, “C. 
Infant Upper Lower 


All 

5+ 

18 

Als 

54 

16 

Can 

52 

20 

Cop 

53 

22 

Evs 

51 

19 

Fra 

50 

23 

Hef 

52 

21 

IIol 

58 

15 

Jon 

54 

17 

Kic 

50 

22 

Lyn 

51 

19 

Mae 

58 

14 

She 

50 

22 

Swi 

56 

17 

Well 

50 

19 

Wis 

65 

5 

Wls 

52 

19 


2. Large individual differences in thresholds were 
found but thresholds for the same infant tended to 
remain constant over the period of the investigation. 

3. Differential reactions to temperatures of 55° and 
15" C. were secured as early as the second day 
(8 infants) . 

4. Using 937 salt stimulations on 14 infants, the 
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following points at which differential reactions to salt 
were obtained were secured. 

TABLE 4 
Point at Which 

Differential Reaction to Salt Ceases 


Strength of salt solution in percentages 
Infant .900 .450 .300 .225 .200 


Als 

R.D,* 

, Failedf 

Failed 

Failed 

Failed 

Can 

R.D. . 

R.D. 

R.D. 

Failed 

Failed 

Cop 

R.D. 

R.D. 

R.D. 

Failed 

Failed 

Evs 

R.D. 

R.D. 

Failed 

Failed 

Failed 

Fra 

R.D. 

R.D. 

R.D. 

R.D. 

F ailed 

Hef 

R.D. 

R.D. 

R.D. 

Failed 

Failed 

Kie 

R.D. 

R.D. 

Failed 

Failed 

Failed 

Lyn 

R.D. 

R.D. 

R.D. 

Failed 

F ailed 

Mae 

R.D, 

R.D. 

Failed 

Failed 

Failed 

She 

R.D. 

Failed 

Failed 

Failed 

Failed 

Swi 

R.D. 

R.D. 

R.D. 

Failed 

Failed 

Well 

R.D. 

R.D. 

Failed 

Failed 

Failed 

Wis 

R.D. 

R.D. 

Failed 

Failed 

Failed 

Wls 

Failed 

Failed 

Failed 

Failed 

Failed 


*R,D. means reacted differentially 
f Failed means failed to react differentially 


5. Differential reactions to .900-per-cent salt solu- 
tion were secured as early as the second day (5 in- 
fants). 

6. Facial expressions of disgust occurred only with 
differential reactions, but differential reactions occur- 
red 95 per cent of the time without marked facial 
expressions. 

7. For 12 infants differential reactions to tempera- 
tures above 50° C. were found to be identical with 
certain differential reactions below 23° C. 

8. The differential reactions secured were not of an 
all-or-none character but proved to be gradual devi- 
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ations from the control curves, becoming more marked 
as the experimental temperatures were raised or 
lowered as compared with the controls and as the 
percentage of salt solution was increased. 

9. The discriminatory reactions begin with a slight 
break in the curve, and increase up to the point where 
very vigorous avoidance movements are made and 
the child cries lustily. 

10. Five distinct types of differential reactions 
were classified. 

11. In threshold determinations, from 6 to 8 sec- 
onds may elapse before the differential reaction 
commences. (Such instances show the inadequacy of 
the medicine-dropper technique.) 

12. Swallowing is determined by the amount of 
food in the mouth. It is never present in sucking air, 
and the first 3, 4, or 5 sucks when sucking milk are not 
accompanied by swallows, 

13. Immediately after the bottle is empty, swal- 
lowing ceases though sucking continues (shown in 100 
per cent of the cases where the bottle was emptied). 

14. The recorded pressure under which sucking 
occurs is a function not only of the feeding reaction 
itself but also of the ease with which the material in 
the nursing bottle flows through the nipple. 

15. Sucking movements may occur without any 
pressure rise. 

16. The nature of the sucking curve depends in 
part upon the kind of nipple used. 

17. The most vigorous and long-continued sucking 
is done by hungry, awnke babies. 
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18. The feeding reaction in a hungry, crying baby 
is often disorganized at first. 

19. If the infant has been crying apparently from 
hunger, there is very often a pronounced jerk of the 
head as the bottle is presented. 

20. For five of the infants the 3-hour interval be- 
tween feedings was too short for hunger. 

21. The moderately full baby is a better discrimi- 
nator than the very hungry infant. 

22. Sucking becomes disorganized as the baby 
becomes full. 

23. Satiety is indicated by: 

a. Frequent occurrence of rest periods. 

b. Decreased amplitude of the sucking curve. 

c. Decreased or even released pressure. 

d . Disorganization of the sucking response. 

e. A special evidence of satiety is the necessity 
for forcing open the mouth so that it may receive the 
nipple. (It is interesting in this connection that the 
baby sucks contentedly once the nipple is in the mouth, 
though it; may struggle violently against having it 
placed there.) 

24. The changes in the sucking curve which occur 
with satiety show that the infant makes different 
responses to a full and to an empty stomach and that 
food alone is not the complete stimulus. 

25. A “full” baby becomes drowsy and goes to 
sleep, 

26. The large toe of the right foot of 17 moderately 
full infants was pinched 164 times with the result that 
sucking began in 100 per cent of the cases. 
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27. The hair of the heads of 17 moderately full in- 
fants was pulled 115 times with the result that sucking 
was resumed in 100 per cent of the cases. 

28. Three infants were suddenly dropped 4 inches 
a total of 20 times, and in each case sucking which had 
stopped was Tesurned. 

29. Pulling the hair of the head, pinching the toe, 
or suddenly dropping the infant always produced 
longer continued sucking on milk than on air (17 in- 
fants). 

30. Pinching the toe always caused sucking on salt 
but never more than 4 sucks (6 infants) . 

31. Holding the nose of the infant while he sucked 
air did produce a modification in the sucking after 
4 seconds (4 infants, 12 stimulations). 

32. Holding the nose of the infant while he sucked 
milk did not produce a modification in the sucking 
curve even though the nose was held IS seconds 
(3 infants, 12 stimulations) . 

33. In 100 per cent of the cases there were no dif- 
ferential reactions to acid milk (3 infants, 20 trials). 

34. For 17 infants there were no differential re- 
actions to glucose. 

35. In 100 per cent of the cases there were no 
differential reactions to sterile water (82 stimulations 
on 15 infants). 

36. In 100 per cent of the cases, involving 17 
infants, differential reactions were made when sucking 
on air (604 stimulations) . 

37. Ten infants learned to discriminate air. Only 
one failure occurred in the 1 1 cases tested. 
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38. Ia 604 instances in which 17 infants were per- 
mitted to suck on air no swallows occurred. 

39. Ten infants sucked on air continuously for 15 
minutes after their regular feeding and were quiet 
until the next feeding period (30 stimulations) . 

40. The first time the infant is presented with the 
feeding situation, it often makes excellent sucking 
responses, but these last only for a brief time (in 8 
infants only 4, 5, 6, or 7 coordinated sucks occurred). 
In one there were no coordinated sucks, and in another 
coordinated sucking continued for 60 seconds. 

41. In the case of one infant sucking was present, 
but the infant was Unable to coordinate the sucking 
and swallowing, with the result that most of the milk 
flowed out the corners of the mouth and there was con- 
siderable coughing and choking, This condition 
gradually improved, and disappeared by the sixth day. 

42. Infants often “learn” to keep their food down, 
i.e., much vomiting occurs at first, but less and less 
occurs as they become older. 

43. Five infants which at first refused the bottle 
opened their mouths and appeared eager to receive the 
bottle on the fourth and fifth days. 

44. Individual variations from one feeding to 
another are less than the variations from one individ- 
ual to another. 

45. One of the evidences of development in the 
feeding reaction with age is the increasing ease with 
which the nipple is placed in the mouth. 

46. Movement of the head toward a tactual finger 
stimulation on the cheek is increased with age. 
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47- Nystagmus occurred on the day of birth in 100 
per cent of the cases tested (5 infants), 

48. The present apparatus and technique may be 
used to determine temperature thresholds and differ- 
ential taste reactions in lower animals. 

49. The Moro reflex may be released by sudden 
dropping. Note: The dropping technique with the 
present quantitative records of the feeding reaction 
lends itself to a differentia] study of the Moro reflex 
which is not possible with the standard technique. The 
standard technique described by Moro follows: “If 
the young infant is placed on a pillow and the pillow 
is struck on each side, at first both arms spread apart 
symmetrically, then approach one another with some- 
what jerking motions,” 

50. Irwin’s (17) (1930) "mass activity” dis- 

appears immediately after the nipple of the nursing 
bottle is placed in the infant’s mouth. 

51. Kashara (18) (1916) found that sucking 

curves became irregular when temperatures below 20° 
and above 40° C, were used, In the present investiga- 
tion 17 infants were given 450 temperature stimula- 
tions, and the lowest upper threshold was 50° C. (See 
the results summarized under Conclusion 1.) This 
difference in results may be accounted for on the basis 
of the fact that Kashara used only 2 infants and 2 stim- 
ulations or else on the basis of the fact that he used 
infants 3 months of age. 

52. Mrs, Nelson (23) (1928) found that 8° C. gave 
the most reaction, and 43° C. the least, In the present 
investigation 43° C, gave the most reaction, and 8° C, 
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the least, This result can be reconciled with that of 
Mrs. Nelson, for it is really supplementary. When 
Mrs. Nelson found that 8° C. gave the most reaction, 
what that really meant was that no feeding reaction but 
rather vigorous avoidance movements ensued. On the 
other hand, 43° C. sets the baby for sucking, and avoid- 
ance reactions are reduced to a minimum. If the suck- 
ing does not occur, it is because the feeding situation 
is not complete, i.e., there is no nipple in the mouth. 

53. Pratt, Nelson, and Sun (27) (1930) found that 
“the infants reacted less strongly to the temperatures 
which are warmer than body temperature than to 
those which are colder” (p. 167). This result, which 
is not verified in the present investigation, is easily 
accounted for, In none of the 17 infants tested were 
differential reactions made to temperatures of 33“, 43“, 
or 48“ C. Differential reactions were made in 16 
infants to temperatures of 8“ and 13° C. Ten infants 
reacted differentially to 53*, one to 23", 11 to 18°, and 
16 to 13” C. Pratt, Nelson, and Sun used temperatures 
of 8°, 18", 23°, 33°, 43° 48°, and 53“ C. Temperatures 
43°, 48°, and 53° C. were classified as above body tem- 
perature, and 33°, 23°, 18°, 13°, and 8° C, as below. 
Thus they used 4 temperatures to which infants react 
differentially below body temperature, and only one to 
which infants react differentially above body temper- 
ature. Also the one differential stimulus above body 
temperature was very weak, being a borderline 
temperature, whereas 8“ and 13° C. were very strong, 
and 18° C. alone comparable to the 53° C. 

54. Pratt, Nelson, and Sun have concluded: “The 
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irth represents an organism in which diffcr- 
tas proceeded to the point where there are 
u mu) motors and receptors, Its behavior, however, 
is generalized; that is, stimulation of almost any group 
of receptors by almost any kind of stimulus will lead to 
a response in almost any part of the organism. The 
reaction tends, however, to manifest itself most 
strongly in that part of the organism which is stimu- 
lated, and from there spreads out with decreasing 
intensity to the other segments of the body 1 ’ (p. 208 ). 

The results of the present investigation indicate that 
this statement should be modified to read that stimula- 
tion of almost any group of receptors by almost any 
kind of stimulus will lead to a response in almost any 
part of the organism which is set to respond. For 
example, turning on a bright light, pinching the 
Infant's toe, pulling the head hair of the infant, or 
suddenly dropping the infant results in sucking pro- 
vided the nipple is in the infant’s mouth and the infant 
is moderately full. 
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LES REACTIONS DIFFERENTIELLES AUX STIMULI DE GOUT ET 
DE TEMPERATURE CHEZ LES NOUVEAU-NES 
(R£aum£) 

L’ubsence des rdponscs verbalea cliez lea nouvcau-nia a reatreint I'ln- 
yestigation de ces problAmes pr^ciadmcnt qui sant la base du comportement 
dea adults. Si Ton jmuvait obtenir quelque choae pour remplacer de 
tellca ripon9^g, on ouvnrait un nouveau domnine et Aclaircirait beaucoup de 
problAmes ppa encore formula memc, 

En cherchant un processus objectif qui pourrait aervir comme remplace- 
mcnt partiefl du moina de ce comportement verbal, on a d£velopp£ une 
nouvellc technique experimental comprenant l'emploi d’un micanistne 
fo[Kfame , ntul du comportement, la reaction A la nourriture, comme indicateur 
dea rfponwes de 1'enfant A In stimulation controlie. Cette technique con- 
aiate en uJlfe comparaiaon dea reactions de aucer a divers stimuli expSrimen- 
taux avec 1 une rfaction de aucer comme controle, toutea lea .'courbea dtant 
enregistr^les object! vement. On a employe le 3 nit A une temperature de 
40°C, cotjirne controle. On a admlnistre celui-ci pendant 10 aecondes. 
Apria uiR d61ai de 20 aecondes le melange experimental (l'eau sterile, la 
glucose /de 6 pour cent, une solution de ael de 0,900, de 0,450, de 0,300, de 
0,225 pcA'ur cent, ou le la j t A dea temp£ratures au-dessua ou au-desscua de 
+Q a C.) & £t£ administr^ pendant 10 aecondes, Ensuite aprfea un intervalle 
de 20 a econdes on a administr£ le controle encore une fois. On a continue 
ce proc assus jusqu'A ce qu'on a donne du moina six contrdlea. Puisque lea 
contrfik^s ont 6t6 identiques, on a lnterpr6t£ n'importe quelle deviation de 
la cou ^be de controle par la courbe experimentale comme une reaction 
diff6rci|&tie(Ie, L'ordre de la presentation dea stimuli exp£rimentaux et 
de ceJle des contrdles a contlnuellement vari6 pour eviter les erreurs 
d'cspaj|ce-tempa et comme controle de Vadaptatlon positive et negative. 

L'a fppareil employ^ a enregistr^ automa tiquement le temps, lea courbea 
do ffOrfcement, et ks efiartgements du volirme de pression trouvds dans la 
riact : f|on de nourriture, II a'est compost d'un systime de manomAtre A 
tuber^; d'un appareil d'enregistrement compost d'un polygraphe, d'un sout- 
fet r mitaillque, et d'une tr£s ligAre plume barographique Briatal A encre; 
d'un 'j appareil special d'enregistrement du temps; et d'une bouteille sp£cia]e 
poiir'j la nourriture. 

Or,n a 6tudi6 dix-sept enfants depuis la naissance pendant les douxe 
prei^miers jours de la vie. On a obaerv£ chaque enfant pendant quatre 
pfir iiodes de nourriture chaque jour, Ojj a apportf J'enfant A la salle ex- 
per.jimentale 15 minutes avant I'heurc de nourriture et l'y a garde IS 
mii'imtea aprAs I'heure dq nourriture et pendant ce temps on l'a observe 
coi'jistamment. On a employe seulement un enfant A la fois de sorte que la 
duMree de 1’investigation a elfi de plusieurs moia. On a employ^ un total de 
27.f31 stimulations experimentale9 et 2975 de controle. 

(fan a obtenu dea aeuila de temperature elev^e et non elev^e au caa de 
to>lis les enfants (Studies et dea seuils differentiela de goQt au cas de 14 
cn/ifanta. On a trouvA de grandes differences individuelles de seuils maia 
lc |s aeuila du memc enfant ont tendu A reater constants pendant le duriie 
de | 1’lnvestigation. On a analyst la nature des reactions diffSrentielles et 
ci fnq types distincta ont ete clasaififs, Ces reactions differentiellea n'ont pas 
61; 66 de la classe '’tout-ou-rien" mnis se sont months des dfiviations gradu- 
0 flies dea courbea de contrSIe, deyenant plua marquees comme les temp^ra- 
t- fures ont cte ilev£a ou baigseea compares avec les controles et comme le 
( 
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pourcentage tic la Bokition dc ael cst devctiu plus grand. On prjiente 1 m 
donnics objectives obtcnucs dans ces experiences dans la lormc d'impres- 
Btons 4 1'eau forte sur zinc des notations originnles non reiouchfcci, 

Jbmsem 


aolchc 
s wurden 
ert war* 1 

ena tail* 
rdc cin 
B tines 
Eaare- 
saug> 

btileht 

enielle 
bjektlv 
wutdfl 
Nach 
gegfi- 
uflg, 


DIFFERENZIERENDE REAKTIONEN AUF GESCIIMACK- UND 
'TEMPERATURRE1ZE SRJ NEUGEBOKENEN SMJGUxNGEN 
(Referat) 

Die Abwesenhcit von Sprnchrraktioncn bci neugeborenen Sfiufcyingcn hat 
die UnLersuchung gernde jener Problcme, die die Basis der TfllUgkvA Er- 
wnchsener bilden, bcseliffinkt. K&nntc man cinen Ersatz, linden, Wot 
Reaklionen, so wurde sich cin ne«cs Forschongsfeld crblfnen, und 
viele Aufgobcn behelligt werdert, die noch niebt cinmnl formul 
den sind. 

Im Nachforschen nach eincm objektiycn Verfahren, dtm weniga 
wefse als Ersntz filr solche Sprnchrcaktionen dicnen k5nntc, wd| 
neues experimentelleB Verfohrcn cniwickelt, welches die Venvcndu 
grundlegenden Tittigkeiumechanismus (behavior mechanism) — des 
flexes (feeding reflex) — als Anzeigcr (indicator) der Reaklionen dc 
lings auf kontrolilcrie Rehung in Anspruch nimmt. Dieses Ycrfahrcn 
aus der Yergleichung von Saugreaklioncn auf versehiedene experii 
Reize mil einer kontrolliertcn Saugreaktion, wobei nllc Kurvcn < 
registries wurden, Milch mlt einer Tcmpcrutvir Yon 40 Grad C 
als Kontrollstoff verwendet, Diesc wurdc 10 Sekunden lang gegebeir 
20-Sekiinden Pause wurdc 10 Sekunden lang die Yersuchsmischung 
ben. Dlcse bestand aus atenlem Waaser, einer d-pcozetuigen Glukosl 
einer Selzlbsung von .900, ,450, .300, oder ,225 Proaent, oder Mi 
Temperaturcn liber oder unter 40 Grad C. Nach 20-Sekunden Pause s 
dann wfeder die Kontrollmischung gegeben. Dieses Verfahren v 
fortgesetzt, bis wenigstens scchs Mai die Kontrollmischung geg 1 
worden war, Da die Kontrollmischung immer die aelbe blieb, wurdc J 
Abweichung der Versuchskurve von der Kontrollkurve als diiterenziet 
Reaktlon gedeutet. Die Ordnung der Darbietung soivohi tier Verai 
wle der Kontrollreize wurdc besl&mlig variirt, Durch ilieae VariiJ 
wollte man Raum-Zeilirrtlimer vermeiden (space-time errors) und 
Kontrolle (check) der positiven und negativen Anpassung erhnlten. 

Der verwendete Apnarat registrierte nutomatiach den Zeilverbt&uch, 
Kurven den Sougens (sucking curves), und die in der Essrenktian In E 
spruch genommenen Anderimgen dcs Drucks und der Menge (pressu 
volume changes). Er beatand aus; cinein Manometerrohrsystem (mat 
meter tube system) ; einem Rcgislrierungstcll (recording unit), tier i 
eincm Polygraph, einem meullenen Blnsebnlg, und einer schr leiclu, 
Bristol'schen bnrogrnphischen Tintcnfeder (Bristol burogrnphic ink pc 
bestnnd; einem besonderen Intcrvallmesscr (interval timer); und cir, 
besondcren SaugflQsdie (nursing balllc). 

Eb wurden 17 Sliuglitige von dor Gcburt durch die crsien 12 Tog 
hindurch untcrsucht. Es wurdc jeder Silugling jeden 'Tag with rend vi 
Essperiodcn beobnehtet. Der Silugling wurdc 15 Minute n vot der Fi 
terung in dns Vcrsudiszinimcr gcbrntlit, und nocli 15 MUuilcn nach del 
Fbtterung dort gehnltcn. Dicsc ganze Zeit hindurch wurdc er bcobnclil 
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Man mnchte nur an elnem Kind zu einer Zeit Versuche; die Forschungszeit 
eratreckte sich also iiber mchrere Monate. Es wurden im Ganzen 2731 
experimentelle uml 297S Kontrollreizungen gegeben. 

Dei alien SHuglingen, die untersucht wurden, wurden die aberen und un- 
teren Tcmpernturscbwellen regislriert (upper and lower temperature 
thresholds), und eB wurden bei 14 Sduglingen Differenzierungsschwellen 
ftix Gcschmack (differential thresholds for taste) erhalten. Man fand 
grosse individuelle Unterachiede in den Schwellen, nber die Schwellen des 
aelben Kindes neigten dazu, iiber die Periode der Untersuchung hindurch 
{constant zu blctben. Die Beschaffenheit der in Einspruch genommenen 
differcnzicrcrtden Reaktionen wurde analisiert, und es wurden fiinf separate 
Typen klassifiziert. Diese differenzierenden Reaktionen betrugen slch 
nicht als entweder vollstHndlg gegenwiirtig oder yollstiindig abwesend, d,h., 
als ,f entweder-oder" Reaktionen (all-or-none reactions), sodern erwiesen sich 
ais allmShliche Abweichungen von den Kontrollkurven, die mit Erhbherung 
oder Erniedrigung der Temperature im Vergleich mit den Kontrollen 
o.U 9 gepragter wurden, vrie ebcnfalls mit Erhtihcrung des Prozentsatzes der 
Snlzlosung. Die in diesen Dntersuchungen erhaltenen objektiven Befunde 
werden in der Form von Zinkradierungen der originellen unbertihrtefl 
Registrierungen dargeboten. 

Jhnsen 



